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A study of distribution patterns of benthic foraminifera from the Recent and late 
Pleistocene northwestern Gulf of Mexico revealed a close relationship between 
assemblages and water masses. Multivariate analyses (cluster and factor) of species- 
frequency data from 120 core tops (87-1361 m) show that the assemblages are 
associated with the Surface Mixed Layer, Gulf Water, Oxygen Minimum Water, 
Subantarctic Intermediate Water, Caribbean Midwater, and the Mississippi River 
outflow. A similar study of 61 samples (283-1341 m) from the last glacial (13,000 
yBP) delineated the boundaries of the late Pleistocene bathyal water masses. These 
were (in estimated paleodepths) the Subtropical Underwater (1007-350 m), Oxygen 
Minimum Water (350-570 m), North Atlantic Intermediate Water (570-775 m), and 
Mediterranean Outflow Water (775+ m). A delta assemblage was also detected between 
91 to 920 w. Downcore abundances of species in a core from 726 m depth revealed 3 
benthic faunal events, at 13,000,11,000, and 5,000 yBP, caused by changes in water 
masses and organic matter content. Factor analysis of presence /  absence data of 157 
species from 288 core tops (58-1361 m) and the 61 late Pleistocene samples indicated 
that presence /  absence data can be used in paleoceanographic studies; the assemblages 
could be directly correlated to the water masses, delta outflow, and the carbonate bank 
environment.
A study of downcore variations in 10 box cores was done to determine if abundances 
of Recent and late Pleistocene benthic foraminifera can be directly compared. Judging 
by downcore trends produced by taphonomy and living habitat, agglutinated species 
were dissagregadon prone or resistant, while calcareous hyaline species were highly-, 
moderately-, or poorly-preserved. A preservation index based on these trends shows 
similar values for the Recent and late Pleistocene samples, indicating that their
xviii
distributions can be directly compared. Such a comparison demonstrates that 
distributions of species are affected by water mass properties and organic matter content. 






2As knowledge of the modem distribution of foraminifera is needed to make 
accurate environmental interpretations of the paleontological record, numerous studies 
have been done on the modem foraminifera of the Gulf of Mexico. However, virtually 
all of these studies have focused on the question of depth zonadon, because of the 
difficulty of precise determination of environmental factors that most affect the areal 
distribution of benthic foraminifera. The difficulty was compounded in these studies by 
the use of only a Recent data base. In this context, the primary goals of the present 
study were to identify the distribution patterns of late Quaternary benthic foraminifera 
found in bathyal depths of the Gulf of Mexico and to investigate the relationships 
between such patterns and the properties of specific, present or past, water masses.
For this study, a reliable data base on the distribution of both modem and late 
Pleistocene (last glacial) foraminifera was acquired. There is a considerable amount of 
information on the environment of the last glacial, including the general types of water 
masses and the appoximate sea level of the time. This makes for an ideal situation to test 
whether benthic foraminifera are affected only by water depth. In this study two, 
approximately discrete, time planes were used for the Recent and law Pleistocene, so 
that the distribution of foraminifera of the two time periods could be directly compared. 
This comparison is an attempt to answer the question: did bathyal benthic foraminifera 
from the northwestern Gulf of Mexico have the same depth distribution in the late 
Pleistocene and the Recent, and if not, what factors caused the change?
The study was conducted in 5 major parts. The First consisted of a study of the 
effects of taphonomic processes (post-mortem destruction or alteration) on benthic 
foraminiferal assemblages. In any study of ancient organisms, it is essential to be able 
to account for the effects of taphonomy, especially if certain species are selectively 
destroyed. The results are given in chapter 2.
The second part was a study of the distribution of Recent benthic foraminfera from 
the slope of the northwestern Gulf of Mexico. The numerical data on relative 
abundances were used to determine multivariate assemblages, which woe related to 
various environmental factors. Although there have been several previous large-scale 
distribution studies in this area, there are numerous problems with the data. These 
include sample sizes that were random and often too small, and the non-identification of 
a large number of species, some of which are environmentally significant. Thus, it was 
judged that the data from the previous studies of Recent Gulf of Mexico foraminifera 
were not reliable enough to use in multivariate analyses. In fact, past studies that 
attempted to relate the multivariate assemblages from these data sets to environmental 
factors have mostly failed. The results of this distribution study are reported in chapter 
3.
In the third part of the study, the methods used with the Recent samples were applied 
to samples from the late Pleistocene of the northwestern Gulf of Mexico, dated at 
approximately 15,000 yBP, before the beginning of deglaciation. The multivariate 
analyses of this data set were used to determine the approximate location and nature of 
the water masses found in the study area. They were also used to examine the effects of 
shelf-margin deltas on the fauna. A detailed downcore analysis of foraminifera was 
done in a core from 726 m, to study the timing and nature of the faunal shifts that 
occurred at that depth. This study is discussed in chapter 4.
While the above studies utilized quantitative data on the relative abundances of 
benthic foraminifera, the fourth part is based on the binary (presence / absence) data of 
environmentally significant species. Although this type of data is not as useful as 
species-frequency data, it has several advantages, most significant of which is the lesser 
amount of time in which it can be obtained. Thus, over twice as many Recent samples 
were used for the binary data base as for the species-frequency data base. Presence/
4absence data are generally the only fossil data taken from well cuttings. The results of 
the multivariate analyses of the presence / absence data were compared to those of the 
species-frequency data, to determine if aspects of paleoceanography can be determined 
with presence / absence data. The results are given in chapter 5.
Finally, all of the results were combined, and used to examine the distribution 
patterns of benthic foraminifera species common in the study area. These patterns were 
then matched with environmental factors, such as water depth, water masses, 
temperature, dissolved oxygen content, and the type and amount of organic matter in the 
sediment Comparisons were made between the Recent and late Pleistocene patterns, 
and differences examined against probable changes in the environment. These results 
are contained in chapters 6 and 7.
The environment of the Gulf of Mexico, the methods, and the previous studies are 
not introduced here, but will be discussed in pertinent chapters. A detailed discussion of 
Gulf of Mexico oceanography can be found in chapter 3, together with a summary of 
past studies that have related benthic foraminifera to water masses, and descriptions of 
the multivariate techniques used. A discussion of the environments of the Gulf of 
Mexico, the ecology of foraminfera, and previous Gulf of Mexico studies is presented in 
chapter 6. All raw data used in this study are given in the appendices.
A total of 220 species of benthic foraminifera was used in the various multivariate 
analyses. These are all illustrated in plates 1-15 (Appendix 1).
Chapter 2
Effects of Taphonomy and Habitat on the Record of 
Benthic Foraminifera in Modern Sediments
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7Abstract
Reports on the distribution of modem Gulf of Mexico benthic foraminifera include 
striking examples of conflicting data. Differences in sampling intervals (0-1 cm vs. 0-2 
or 0-5 cm), rather than true variations in population densities, can be invoked to 
reconcile these conflicts. Downcore foraminiferal trends in ten box cores from the 
northwestern Gulf support this explanation and contradict the assumption that the 
bioturbated zone has a homogeneous foraminiferal distribution. Three groups of 
calcareous species are present: well preserved (increasing downcore), moderately 
preserved (no trend), and poorly preserved (decreasing downcore); arenaceous species 
are either disaggregation resistant (no trend) or disaggregation prone (decreasing 
downcore). These trends are produced by habitats of species and taphonomic processes, 
chiefly dissolution. The plots of a formulated preservation index P and those of species 
abundances demonstrate the faunal heterogeneity of the bioturbated zone, with 
significant changes in the assemblage occurring in the upper 2 cm. Thus, modem 
distribution patterns based on a 5 or 10 cm thick surface sediment layer would serve the 
purpose of benthic foraminiferal paleoecology better than those seen at the sediment- 
water interface.
8Introduction
Since the completion of two pioneering studies of benthic foraminiferal distributions 
within the northern Gulf of Mexico (Phleger and Parker, 1951; Parker, 1954), it has 
been generally accepted that the major differences between the distribution patterns 
reported in these studies are mainly due to geographical differences; one study dealt with 
the northwestern Gulf, the other with the northeastern. This may indeed be the case for 
the unusual foraminiferal distributions in Parker's (1954) traverses near the Mississippi 
River mouth, influenced by the "delta effect" (Pflum and Frerichs, 1976), and for the 
large differences above the 200-m level, between the carbonate environment of the 
Florida Shelf and the clastic environment of the northwestern Gulf margin. There are, 
however, no known ecological reasons for the major differences found among the 
deeper water samples away from the delta outflow area.
Additional data on faunal distributions are now available from two regional studies in 
the northwestern Gulf of Mexico (Pflum and Frerichs, 1976; Denne and Sen Gupta, 
1988). In terms of relative abundances of dominant species in the 100-1000 m depth 
range, the overall patterns found by Parker (1954), Pflum and Frerichs (1976), and 
Denne and Sen Gupta (1988) are very similar, but are substantially different from those 
found by Phleger and Parker (1951). The most striking examples of this are the 
distribution patterns and relative abundances of three dominant species, Gavelinopsis 
translucens. Bolivina ordinaria. and £ . lowmani (Figs. 2.1-2.3). In traverses distant 
from the delta, the two bolivinids mentioned above have much higher abundances in 
Phleger and Parker (1951) than in the other studies, while the reverse holds for Q. 
translucens. Thus, geographic location of samples is not the major factor affecting the 
faunal trends; similar trends and abundances are reported from areas in both the 
northwestern and northeastern Gulf.
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Fig. 2.1. Relative abundances of Ciavelinonsis translucens from 100 to 1000 m in 4
data sets: a) Phleger and Parker, 1951; b) Parker, 1954; c) Pflum and Frerichs, 1976;
d) Denne and Sen Gupta, 1988.
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Fig. 2.2. Relative abundances of Bolivina ordinaria from 100 to 1000 m in 4 data sets:
a) Phleger and Parker, 1951; b) Parker, 1954; c) Pflum and Frerichs, 1976; d) Denne
and Sen Gupta, 1988.
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Fig. 2.3. Relative abundances of Bolivina lowmani from 100 to 1000 m in 3 data sets:
a) Phleger and Parker, 1951; b) Parker, 1954; c) Denne and Sen Gupta, 1988. This
species was not reported in Pflum and Frerichs, 1976.
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Can the differing trends be related to differences in techniques of sampling and 
sample processing? It has been demonstrated that sieve size can cause large differences 
in distribution patterns of benthic foraminifera (Schrbder, Scott, and Medioli, 1987; Sen 
Gupta, Shin, and Wendler, 1987). The sieve sizes used in the four Gulf of Mexico 
studies were 74 pm (Phleger and Parker, 1951; Parker, 1954; Pflum and Frerichs, 
1976) and 63 pm (Denne and Sen Gupta, 1988). The difference between these two 
sizes is very small, and would probably not cause any major faunal differences. The 
choice of the coring device does not explain these differences either, although Phleger 
and Parker (1951) and Parker (1954) used the short Phleger corer, whereas Pflum and 
Frerichs (1976) and Denne and Sen Gupta (1988) used a much larger gravity corer.
The four Gulf of Mexico regional studies of foraminiferal distribution cited above 
were based on "surface” sediment samples, but the sampling interval, i.e., the thickness 
of the sampled sediment layer, was variable: 0-1 cm in Phleger and Parker (1951), 0-2 
cm in Parker (1954), and 0-5 cm in Pflum and Frerichs (1976) and Denne and Sen 
Gupta (1988). Our present investigation was designed to test if such differences in the 
sampling interval could lead to significant differences in observed patterns of faunal 
distributon.
Previous studies of relative abundances of benthic foraminifera in Recent sediments 
have shown systematic downcore changes. Various investigations of living and dead 
faunas from the same site (e. g. Murray, 1970; Murray, 1986; Douglas et al., 1980) 
demonstrate that some arenaceous and thin-walled species are much less abundant in the 
dead fauna than in the living fauna. Sidner and McKee (1975), found that the 
arenaceous species in the total foraminiferal fauna of the Gyre Basin of the Gulf of 
Mexico virtually disappear below the boundary between the oxidizing, bioturbated, 
brown zone and the reducing, "fossil", gray zone. Vilks et al. (1982) found that
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arenaceous species are very common in relatively undisturbed box cores, but rare in 
gravity cores. They ascribed this difference to the removal of the uppermost sediment 
layer by a wave generated during gravity coring. A study of box cores taken off the 
coast of California (Douglas et al., 1980) shows that some species decrease in 
abundance from the 0-1 cm interval to the "fossil" zone (below an approximately 10-cm 
thick bioturbated zone), while others increase or retain the same abundance.
In spite of such demonstrated changes in relative abundances of benthic foraminifera 
between the living and dead faunas, and between the dead faunas (thanatocoenoses) 
found in the upper 1 cm and in the "fossil" zone, it is generally assumed that the dead 
fauna is homogenous within the bioturbated zone (Douglas et al., 1980). In that case, 
differences in the sampling interval (of the kind mentioned earlier) should not cause 
major differences in foraminiferal relative abundances, because even a "thick" interval 
(0-5 or 0-10 cm) would usually cover only the bioturbated zone. Our results do not 
support this hypothesis of foraminiferal homogeneity within the bioturbated zone.
Material and Methods
The study is based on ten box cores from the northwestern Gulf of Mexico. The 
cores were taken by Exxon Company, U. S. A., in 1985. Five are from a downslope 
traverse west of the Mississippi River Delta, the other five from a crossing traverse 
along the 160 -170 m isobath (Fig. 2.4). The box cores measured 625 square cm in 
area, and were 60 cm deep. Each core was checked after recovery to ensure that the 
sediment-water interface was undisturbed. The depth to the brown-gray sediment 
boundary (lower boundary of the bioturbated zone) was noted for each core, with one 
exception (Table 2.1). Based on their nannofossil contents, all were determined to be 
entirely Holocene. A subcore was taken in the center of each box core with a 5 cm
14
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Fig. 2.4. Map of northwest Gulf of Mexico, showing box core locations.
diameter plastic tube; this was sampled at 0-2,2-4,4-6,6-8,8-10,10-15,15-20,20-25 
cm intervals, and then frozen. An additional sample was taken from the box core at the 
0-0.5 cm interval. After thawing, the samples were washed over a 74 pm sieve and 
split with a microsplitter to a size containing approximately 300 benthic foraminiferal 
specimens. The benthic foraminifera were then picked, identified, and counted. A total 
of 87 samples were used in the study.
Results
Our results indicate that not only is there a change in relative abundances of benthic 
foraminifera between the bioturbated zone and the underlying "fossil" zone, as 
expected, but that most of these changes occur within the bioturbated zone, frequently 
within the upper 2 cm, thus negating the assumption of homogeneity for this zone.
Both arenaceous and calcareous species were found to have significant and consistent 
downcore stratigraphic trends; a significant trend is defined as an increase of at least 
100% or a decrease of at least 50%. Arenaceous species can be placed into two general 
categories: disaggregation resistant (no trend with stratigraphic depth downcore), and 
disaggregation prone (decreasing trend downcore). With some notable exceptions, 
disaggregation resistant tax a are mainly shallow-water forms in which the cement is 
calcareous and the chambers are arranged in series. The genera include Bigenerina. 
Gaudrvina. Eggerella. Karreriella. Clavulina. and Textularia. Disaggregation prone taxa 
are usually tubular, trochospiral, or planispiral deeper-water species that may use 
organic cements. The genera include Trochammina. Saccorhiza. Rhizammina. 
Ammodiscus. Ammobaculites. Ammolagena. Recurvoides. Adercotrvma. and 
Haplophragmoides. Summed percentage graphs (or, area graphs) of the arenaceous 











Fig. 2.5 Area graphs of summed percentages of the arenaceous fauna plotted against 
depth downcore (cm): a) shallow-water box cores (<200 m), b) deep-water box cores 
(>200 m). Symbols indicate core numbers.
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show the overall downcore trends. The graphs for shallow-water cores show no 
significant depth-trend, except for a small high or "bulge" around 2-4 cm. This bulge 
can also be seen in the graph of the deep-water cores. The percentage of the arenaceous 
species in the deep-water cores, however, drops to nearly zero by a stratigraphic depth 
of 25 cm. The 2-4 cm bulge found in both sets of graphs may be the result of an 
infaunal living habit for some of the species, their maximum relative abundances being 
at the depths where they most commonly live.
Based on the average trends downcore, common calcareous (hyaline) taxa could be 
divided into three general categories: well preserved, moderately preserved, and poorly 
preserved (Table 2.2). Rare calcareous taxa, including all of the miliolids, were not 
categorized, as their abundances were too low to indicate any consistent trends. Judging 
by the moiphologic scheme of Corliss (1985) and Corliss and Chen (1988), both 
infaunal and epifaunal species are present in all three categories of preservation. In this 
scheme, species with epifaunal morphologies have pores on only one side or none at all, 
and have rounded trochospiral, plano-convex trochospiral, milioline, or biconvex 
trochospiral test shapes. Species with infaunal motphologies have an even distribution 
of pores, and are planispiral, flattened ovoid, tapered and cylindrical, spherical, or 
flattened and tapered (Corliss and Chen, 1988). Although our infaunal and epifaunal 
groupings (Table 2.2) are based on this morphologic scheme, our box core data are 
inadequate for its corroboration.
Species in the well preserved category (Fig. 2.6) usually show a large increase 
within the upper 5-10 cm, and then either continue to increase, or show little variation. 
Many species which hypothetically have an infaunal living habit according to the 
morphologic scheme of Corliss and Chen (1988) belong to this well preserved category. 
Their distribution frequently shows the characteristic 2-4 cm bulge seen in the graphs of 
the arenaceous species. Some of these putative infaunal taxa, such as species of
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Table 2.2 Categories of calcareous, hyaline taxa: a) well preserved, b) moderately 
preserved, c) poorly preserved. The epifaunal and infaunal designations are putative, 
based on morphology and not on observed living habits.
a) Well preserved
Infaunal Epifaunal
Bolivina albatrossi Ammonia partinsonia
Bolivina eoessi Anomalinoides
Bolivina minima Caribeanella mexicana
Bolivina spinata Cttacides
Bolivina subaenariensis mexicana Cibicidoides
Bulimina Gavelinopsis translucens
Cassidulina curvata Gvroidinoides altiformis













































Fig. 2.6. Area graphs of summed percentages of species in the well-preserved category 
for all box cores plotted against core depth (cm): a) Bolivina albatrossi. b) fi. 
subaenariensis mexicana. c \  Bulimina s d d . .  Cibicides + Cibicidoides + Caribeanella 
+ Anomalinoides. e) Uvigerina perepina group. Box core symbols as in Figure 2.5.
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Chilostomella. Globohulimina. and Tosaia. are noticeably thin-walled, and are probably 
not very resistant to destructive forces. Thus, their trends of downcore increase may 
simply be a result of the infaunal habit. Species with epifaunal morphology in the well 
preserved category are generally large and have thick walls. Although species in the 
moderately preserved category show no significant trend with depth downcore (Fig. 
2.7), those that have an infaunal morphology often show a bulge in their relative 
abundance in the 2-4 cm stratigraphic interval.
The percentages of species in the poorly preserved category show a significant 
decrease downcore, ranging from 50% in Hansenisca regularia to 90% in Epistominella 
vitrea (Fig. 2.8). Such species have their largest abundance changes within the upper 2 
cm. This suggests that their tests are destroyed soon after the death of the individuals. 
Species that are morphologically infaunal, but fall into the poorly preserved category 
(e.g. Cassidulina subglobosa. and various Bolivina). usually do not show the 
characteristic 2-4 cm distribution bulge, unlike infaunal species from the other 
categories. In the case of Bolivina lowmani. this may be linked to a meroplanktonic 
stage (Hueni et al., 1978), at which large numbers of dead juveniles may fall on the 
substrate. As for the other species with putative infaunal morphology, it is possible that 
they are actually epifaunal, or that downcore trends of the total fauna have little 
correlation with living habits. Overall, this category consists of relatively small, thin- 
walled species.
To quantify the changes that take place within foraminiferal assemblages as a 
whole, a preservation index P was formulated by summing up the percentages of well 
preserved hyaline species and subtracting from that the percentages of poorly preserved 
hyaline and all arenaceous species. A plot of this index (Fig. 2.9) shows that it 
consistently increases downcore, as would be expected. Most of the changes occur 
within the upper portion (about 2 cm) of the bioturbated zone, which further repudiates
2 2
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Fig. 2.7. Area graph of summed percentages of the moderately-preserved species 
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Fig. 2.8. Area graphs of summed percentages of species in the poorly-preserved 
category plotted against core depth (cm): a) Bolivina oidinaria. b) fi. lowmani. c) 
Cassidulina subelobosa. d) Epistominella vitrea. el Hansenisca reeularia. fl 
Alahaminella turgida. Box core symbols as in Figure 2.5.
2 4
the assumption of faunal homogeneity within this zone. A plot of the total change in P 
between the top (0-0.5 cm) and the bottom (20-25 cm) samples (Fig. 2.9c), which is a 
measure of the relative preservation of the original death assemblage, reveals a 
correlation between the thickness of the bioturbated zone and this change. This supports 
the hypothesis that the thickness of the bioturbated zone determines the amount of time a 
foraminiferal test takes to reach the "fossil" zone; the longer it remains within the 
bioturbated zone, the greater the chance of its destruction. Assuming that the thickness 
of the bioturbated zone is inversely proportional to the rate of sediment accumulation 
(Sidner and McKee, 1975), the amount of test destruction would also be linked to the 
latter (Sidner, Gartner, and Bryant, 1977). This is in agreement with the findings of 
this study, as the core with the least amount of total change in P (core 53) was taken 
directly south of the Mississippi River Delta, an area of high sedimentation.
An independent test of the validity of the preservation index was made, using data 
from 19 paired short and long cores studied by Phleger and Parker (1951). The samples 
represent the 0-1 cm interval in the short cores, and usually the 0-5 cm or a thicker 
interval in the long cores. With few exceptions, the samples from the long cores have a 
higher value of P than the short core samples from identical sites (Fig. 2.10). The 
diagonal line drawn through this graph would represent a one-to-one relationship 
between the values from the two sets of cores. Most of the points fall below the line, 
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Fig. 2.9. Preservation index P, plotted for individual box cores, the arrow marking the 
boundary between the bioturbated and "fossil" zones in each: a) cores 80, S3,78,90, 
and 109; b) 35,74,71,68, and 40. C is a plot of the total change of die preservation 
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Fig. 2.10. Values of preservation index P for short cores (0-1 cm sampling interval), 
plotted against those for paired long cores (0-5 cm and deeper). The diagonal is a one- 
to-one line. Data from Phleger and Parker, 1951.
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Taphonomic Processes
Before evaluating the different taphonomic processes at work on benthic 
foraminifera, we must take into account the effect of the habitats of living individuals on 
the downcore distribution trends. The absolute number of specimens (both living and 
dead) of an infaunal species will increase down to the point at which living individuals 
can no longer survive, because the density of dead individuals (which constitute the bulk 
of the total population) at this level will be greater than at all higher levels, in response to 
sedimentary burial. As regards relative abundances, an increase in the numbers of 
infaunal specimens will cause a decrease in the percentage of epifaunal specimens. The 
bulge in the distribution of some putative infaunal species in the 2-4 cm stratigraphic 
interval is apparently a result of a high density of the living population at this depth. 
Adaptation to a subsurface habitat would also explain the inclusion of many thin-walled 
species in the well-preserved category.
Apart from this, significant downcore trends are apparently caused by taphonomic 
processes within the bioturbated zone. Numerous processes have been cited for the 
removal of foraminifera from the sediment, including mechanical destruction, ingestion 
by macrobenthic predators (Mageau and Walker, 1975), boring by smaller predators 
such as nematodes (Sliter, 1971), oxidation of organic linings and cements (Sidner and 
McKee, 1975), and calcium carbonate dissolution (Berger, 1970). As the cores used in 
this study contained little or no sand, and had few tests that were frosted or showed 
other signs of transport, we infer that mechanical destruction had only a minor role in 
the loss of foraminiferal tests. Destruction by predation alone is probably a minor 
process, but predatory boring can increase the effectiveness of dissolution and 
mechanical destruction, as it increases the surface area of the test and weakens it 
(Douglas, 1973). The oxidation of organic linings and cements will have a
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disaggregating effect on arenaceous tests with organic cements. Organic linings are 
also present in some calcareous foraminifera (Angell, 1967; Berger and Soutar, 1970), 
and their loss would leave such tests more susceptible to dissolution.
Calcium carbonate dissolution is often associated with the carbonate compensation 
depth (CCD), a phenomenon usually found in fairly deep water. Although most work 
on the CCD has dealt with planktonic foraminifera, benthic foraminifera are also rapidly 
dissolved below this depth (Douglas and Woodruff, 1981). Apparently, the dissolution 
is species selective (Corliss and Honjo, 1981) and species with thick walls and a low 
number of pores are more preservable than thin-walled species with a large number of 
pores (Douglas, 1973).
The cores used in this study come from depths much shallower than the CCD, but 
some dissolution of carbonates can occur in depths even less than 150 m 
(Alexandersson, 1978) and affect the preservability of shallow-water foraminifera 
(Smith, 1987). The best evidence for this test dissolution in water above the CCD is the 
poor state of preservation found in well-oxygenated areas as compared to nearby 
dysaerobic areas. A large number of fragile and highly ornamented benthic species are 
found below the sill depth (500 m) of the oxygen-deficient Santa Barbara Basin off 
California (Harman, 1964), and the planktonic foramifera are much more spinose below 
the sill depth in the basin than above it, showing that dissolution is at work in the 
normal, aerobic conditions outside of the basin (Berger and Soutar, 1970). The low 
amount of dissolution within the basin is ascribed to the near absence of bioturbation 
and to the alkalinity of the pore waters caused by sulfate-reducing bacteria (Berger,
1979).
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Implications for Foraminiferal Studies
To assess the effect of foraminiferal heterogeneity within the bioturbated zone on 
distribution data obtained from different sampling intervals, we calculated the 
preservation index P for the samples used in four past studies covering the 100-1000 m 
depth range in the northern Gulf of Mexico. We used only the assemblages that 
contained at least 200 specimens, and we left out the traverses in the area of the 
Mississippi River delta. Three sample sets (Parker, 1954; Pflum and Frerichs, 1976; 
Denne and Sen Gupta, 1988) with matching distribution patterns show similar values of 
P, with 91.5% to 100% of the values plotting above the zero level (Fig. 2.11). In the 
fourth sample set (Phleger and Parker, 1951), however, over 35% of the P values are 
less than zero, some as low as -65. These trends indicate that the distribution patterns 
are affected by sample thickness; samples bom the thinnest interval (0-1 cm; Phleger 
and Parker, 1951) have the lowest overall values for the preservation index. Although 
Parker (1954) used the same type of sampling device as Phleger and Parker (1951), and 
her sample thickness was only marginally thicker (0-2 cm vs. 0-1 cm), the faunal data 
from this 0-2 cm interval should resemble those from the 0-5 cm interval more than 
those from the 0-1 cm interval, because, as shown by our findings, most of the 
assemblage changes occur within the upper 2 cm of the sediment column. Furthermore, 
the northeastern Gulf may have somewhat lower sedimentation rates than the 
northwestern Gulf (Bouma, 1972), and would provide the setting for a greater 
taphonomic effect The relative abundances of the well preserved Gavelinopsis 
translucens and the poorly preserved Bolivina ordinaria and fi. lowmani support this 
hypothesis; Q. translucens is least abundant in the data of Phleger and Parker (1951), 






J 5 0 0  
7 0 0  
9 0 0
■80 •40 D 4 o .00" "1 
• * • 4 •
m  #■ 
•I 4 *5







•%> •• * • ••
<i % • ••■
. • i• •
40 80
7 0 0 -
a
-40-80 -40
3 0 0 -3 0 0
5 0 0 -5 0 0 - • •  •
7 0 0 -7 0 0 -
9 0 0 -
d
Fig. 2.11. Plots of the preservation index P, for the 100-1000 m depth range, using 4 
data sets: a) Phleger and Parker, 1951; b) Parker, 1954; c) Pflum and Frcrichs, 1976; 
d) Denne and Sen Gupta, 1988.
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An incentive for investigating modem distributions of benthic fbraminifera is their 
possible use in constructing paleoecological models. The results of our study imply that 
modem distribution trends seen in a relatively thick (2,5, or even 10 cm) surface 
sediment layer are more useful in applications to paleoecology than trends in a very thin 
layer (0-1 cm) at the sediment-water interface. The thinner interval may yield more 
accurate information about the epifaunal species currently living in an area, but the 
number of infaunal specimens will be low. Also, the assemblage may include a large 
number of thin-walled and arenaceous species whose tests will not survive the various 
taphonomic processes. The assemblage from a thicker interval will include a more 
representative sample of infaunal species, except for those in the poorly preserved 
category. This exception, however, poses no serious problem in the context of 
comparisons of modem and-ancient distribution trends; poorly preserved species are 
likely to be rare in ancient deposits.
Summary and Conclusions
1. The bioturbated zone below the sediment-water interface has a heterogeneous 
distribution of benthic foraminifera. This distribution is related to the subsurface habitats 
of some species and to taphonomic processes.
2. Based on downcore trends of relative abundance, calcareous, hyaline species can be 
grouped into three categories in terms of their degree of preservation. Arenaceous 
species can be distinguished as disaggregration resistant or disaggregation prone. A 
preservation index P, based on the proportions of these groups, can be used to measure 
taphonomic effects on the faunal record.
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3. Taphonomic processes are least active in areas of rapid sedimentation, where the 
bioturbated zone is thin, and under oxygen-deficient conditions. Thus, benthic 
foraminiferal preservation is likely to be better at times of high sedimentation rates, such 
as those of sea-level lowstands.
4. Differences among benthic foraminiferal distribution patterns reported in four 
northern Gulf of Mexico studies (Phleger and Parker, 1951; Parker, 1954; Pflum and 
Frerichs, 1976; Denne and Sen Gupta, 1988) can be explained by differences in the 
thickness of the sampling interval. Plots of the preservation index P support this 
hypothesis.
5. A distribution study of modem benthic foraminifera based on a thick sampling 
interval (e.g., 0-2,0-5, or 0-10 cm) will be a better basis for a paleoecologic model than 
a study using a thin interval (e.g., 0-1 cm).
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Chapter 3
Benthic Foraminiferal Assemblages and Water Masses in the 
Bathyal Environment of the Northwestern Gulf of Mexico
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Abstract
A Q-mode cluster analysis and an R-mode factor analysis performed on benthic 
foraminiferal data from 120 core tops from the northwestern Gulf of Mexico (87-1361 
m; 88-96.5° W) led to the identification of separate faunal assemblages related to the 5 
water masses found at these depths, i.e., the Surface Mixed Layer (SML), Gulf Water 
(GW), Oxygen Minimum Water (OMW), Subantarctic Intermediate Water (SAIW), and 
Caribbean Midwater (CMW). The cluster analysis also demonstrated the presence of 3 
faunal groups related to water depth and bottom-water oxygen content within the OMW 
assemblage. An additional, distinct assemblage recognized in the Mississippi River 
Delta area may be related to low-oxygen conditions above the normal depth for the 
oxygen minimum. The lack of recognition of multiple bathyal assemblages in the 
existing literature on Gulf of Mexico foraminifera is ascribed to an inadequate data base 
and/or non-application of quantitative methods of data analysis. The close 
correspondence between the results of the two different types of analysts in the present 
study suggests that similar numerical analyses of fossil faunal data should be useful in 
deciphering ancient bathyal assemblages controlled by water masses.
Introduction
Multivariate analyses of quantitative benthic foraminiferal data have shown that 
abyssal asssemblages can often be correlated to specific water masses. This was first 
demonstrated by Streeter (1973) by a Q-mode factor analysis of North Atlantic 
foraminiferal data; distinct faunas were found to be associated with the Antarctic Bottom 
Water (AABW), upper North Atlantic Deep Water (NADW), and lower NADW. 
Subsequently, quantitative studies on North Atlantic faunas have produced nearly 
identical results (Schnitker, 1979; Weston and Murray, 1984). Studies of abyssal 
benthic foraminifera of the Indian Ocean (Corliss, 1979) and the South Atlantic 
(Lohmann, 1978) have also unraveled relationships between faunal assemblages and 
water masses. Similar relationships, however, have not been reported in bathyal 
depths, although correlations have been made with environmental characteristics, such 
as water depth (e. g., Streeter and Lavery, 1982; Quintemo and Gardner, 1987), 
substrate and nutrient content (Jorissen, 1987), or oxygen content (Miller and Lohmann, 
1982). Left unanswered is the question: can benthic foraminiferal assemblages in 
bathyal depths be related to water masses, and thus be used in paleoceanographic studies 
in these depths? The present study, using cluster and factor analyses on data from 120 
core tops from bathyal depths of the northwest Gulf of Mexico, was initiated in part to 
answer this question.
Most of the previous studies of benthic foraminifera of the Gulf of Mexico were 
directed toward the recognitions of depth zonations based on upper and lower depth 
limits of indicator species (Phleger and Parker, 1951; Parker, 1954; Pflum and Frerichs, 
1976; Pielou, 1979) and not toward the identification of faunal assemblages showing a
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c o m m o n  environment. Some depth zonations have been based on assemblages of 
species or genera, but these depth ranges were determined a priori (Albers et al., 1966; 
Culver, 1988) and were not tied to multivariate analyses of species abundances. Poag 
(1981) used the generic predominance method of Walton (1964) to subdivide the Gulf 
of Mexico benthic foraminiferal biota into generic predominance facies (assemblages). 
This method determines the generic assemblage by finding the most abundant genus 
within a sample. The depth limits of most of the bathyal generic assemblages were 
found to coincide with those of one or two water masses in the Gulf (Poag, 1984), 
although none of the assemblages were recognized as indicative of a particular water 
mass.
Three multivariate analyses of benthic foraminiferal data from the Gulf of Mexico, 
partly or wholly based on a literature survey, were aimed at the recognition of faunal 
assemblages. Dignes (1979) performed a Q-mode factor analysis on the data from 111 
core tops from the northern and central Gulf. Nineteen of the samples were new; the 
rest had been reported on by Phleger and Parker (1951), Parker (1954), and Pflum and 
Frerichs (1976). The samples were chosen to the widest possible geographic and 
bathymetric range. Of the 10 assemblages identified by the factor analysis, three were 
from shelf depths, and another was nearly ubiquitous. The three deep-water (>1500 m) 
assemblages were either correlated to the type of organic carbon predominant in the area 
(terrestrial or pelagic) or were too discontinuous to correlate to specific environmental 
conditions. The three intermediate-water assemblages were the (a) Bulimina alazanensis 
assemblage, averaging 1500 m in depth, (b) the Discorbina translucens assemblage, a 
rare assemblage found on the northern Florida slope, and (c) the Uvigerina peregrina 
assemblage, found from 150 to 1400 m. Only the last assemblage was related to water 
chemistry, with the author suggesting an affinity for low oxygen conditions. A separate 
investigation was done on the deep-water (>1500 m) samples using the transfer function
method of Imbrie and Kipp (1971). Eight assemblages were found, but since there is 
little difference in most water properties below 1300 m in the Gulf of Mexico, most of 
the assemblages were correlated to water depth or the carbonate and organic content of 
the substrate.
A Q-mode cluster analysis using the Jaccard coefficient was performed by Culver 
and Buzas (1983) on the presence /  absence record of 293 species of benthic 
foraminifera from 350 localities in the Gulf; the data were obtained from 77 published 
reports. Four zoogeographic provinces and one biofacies were recognized, two of the 
provinces (Coastal and Inner Shelf) being in shallow water. The Outer Shelf Province 
was found in a depth range covered by 4 different water masses, while the Slope and 
Abyssal Plain Province was found only within the Gulf Basin Water.
Hiltermann (1987) performed a Braun-Blanquet analysis on the presence / absence 
data of Pflum and Frerichs (1976). The Braun-Blanquet method uses the co­
occurrences of significant species to form groups of assemblages (Griinig and Herb,
1980). Hiltermann found 8 different biocenoses, which were matched against various 
environmental parameters; temperature was found to be the most important. Although 
no direct comparisons were made to water mass limits, several of Hiltermann's 
biocenoses have their upper or lower boundaries at the boundary between the Oxygen 
Minimum Water and the Subantarctic Intermediate Water at approximately 650 m.
Finally, an examination of the distribution patterns of 16 common bathyal species 
found in 59 of our core-top samples (in the western half of the present study area) 
revealed that most of the species' distributions are related in some way to water-mass 
boundaries (Denne and Sen Gupta, 1988), in particular to the upper and lower 
boundaries of the Oxygen Minimum Water.
Material and Methods
The present study is based on the abundance data on benthic foraminiferal species 
from 120 core-top samples from the northwestern Gulf of Mexico. The gravity cores, 
taken off the coasts of Louisiana and Texas (88 - 96.5° W)(Fig. 3.1; Table 3.1), range 
in wayer depth from 87 to 1361 m. The samples were taken from the uppermost 5 cm 
of each core, and washed over a 63 pm sieve. The samples were then split down to a 
size containing approximately 300 benthic specimens, all of which were picked and 
identified. The sample sizes ranged from 247 to 404 specimens, with all but 5 samples 
containing between 250 and 350 specimens. A total of 336 species were identified.
The Q-mode (sample vs. sample) cluster analysis was done by the Ward's minimum 
variance method (SAS Institute, 1985). This clustering method initially calculates the 
squared Euclidean distance between each of the observations (samples). The distance 
between each of the clusters is found using the ANOVA sum of squares added up over 
all of the variables. We used percentage data from 153 species. These occurred in at 
least 3 samples, and had abundances of 1%  or more in at least one sample (see species 
list, plates). As one of the assumptions of this clustering method is that the data have a 
normal distribution, the species' abundances were log transformed. The number of 
significant clusters was fixed at the point below which the plot of the distance measure 
(semi-partial R-squared) decreased significantly, before flattening out (Fig. 3.2).
As the cluster analysis provided no information on the species composing the 
assemblages, an R-mode (species vs. species) factor analysis was performed. The 
procedure involved a principal components analysis followed by a varimax rotation 
(SAS Institute, 1985). In order to satisfy the requirement that there be at least one less 
variable than observations, only the species found at thel% level of abundance in at least 






Fig. 3.1. Map of study area in northwest Gulf of Mexico with sample locations.
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Table 3.1. Water depth and location of stations used in the study.
Samp. Depth Lat. Long. Samp. Depth L at. Long.
1186 87 28.1 91.8 1230 409 28.0 90.5
1179 91 28.2 90.4 328 412 27.4 96.0
1534 118 28.0 92.8 1456 421 27.7 92.0
111 122 28.0 92.9 584 442 26.4 96,3
404 122 27.2 96.4 242 457 27.7 94.1
462 122 27.7 95.9 256 457 27.6 94.4
1878 130 28.1 90.7 312 457 27.3 95.9
110 146 27.9 92.9 1459 466 27.8 92.0
12 152 27.9 94.3 1836 471 27.8 91.4
1961 152 28.6 89.7 216 472 27.6 93.4
2039 159 28.1 90.5 573 472 26.8 96.3
1059 188 27.9 91.7 576 472 26.4 96.3
6 191 27.9 94.6 1900 485 28.1 90.0
1983 197 28.8 89.1 582 488 26.4 96.2
2027 206 27.9 91.8 580 503 26.5 96.3
104 221 27.8 93.0 1885 512 28.0 90.1
1202 223 28.0 91.3 574 518 26.7 96.3
1954 226 28.4 89.9 217 518 27.5 93.4
139 229 27.9 92.6 218 518 27.5 93.4
227 229 27.7 93.7 611 518 27.5 95.8
1064 252 27.9 91.7 602 533 26.7 96.3
228 259 27.7 93.7 214 549 27.5 93.4
233 259 27.7 93.7 1897 550 28.0 90.0
229 267 27.7 93.7 207 564 27.5 93.2
1973 274 29.0 88.8 1852 577 27.8 91.1
232 290 27.7 93.7 211 579 27.5 93.3
237 290 27.7 93.6 213 579 27.5 93.3
221 305 27.7 93.6 1076 589 27.8 91.5
1127 311 28.0 90.9 597 595 26.7 96.2
1226 320 28.0 90.5 2048 597 28.1 89.8
223 328 27.6 93.6 593 610 26.7 96.2
1070 336 27.8 91.7 2030 619 27.7 91.5
2054 347 28.6 89.2 274 625 27.6 94.5
146 351 27.7 92.9 1264 639 27.9 90.4
147 351 27.7 92.9 1448 667 27.7 92.0
144 366 27.7 92.9 180 671 27.6 93.0
145 366 27.7 92.9 265 671 27.6 94.3
225 366 27.6 93.6 590 671 26.7 96.2
1537 370 27.8 92.7 238 678 27.7 94.1
1839 370 27.8 91.3 2050 685 28.3 89.7
239 381 27.7 94.4 542 701 26.8 96.1
569 381 26.7 96.3 1760 729 27.6 94.5
1967 383 28.8 88.9 1933 732 28.0 89.8
240 404 27.7 94.0 2001 735 27.5 92.9
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Fig. 3.2 Plot of semi-partial R-squared values for the cluster analysis. Arrow denotes 
significant number of clusters.
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Fig. 3.3 Plot of eigenvalues for the factor analysis. Arrow denotes significant number 
of factors.
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transformed. The number of significant factors was determined by a method similar to 
that used in the cluster analysis, with eigenvalues substituted for the distance measures 
(Fig. 3.3).
Oceanography
The Gulf of Mexico is a restricted basin connected to the Caribbean Sea by the 
Yucatan Strait (sill depth of 1900 m), and to the Atlantic Ocean by the Florida Straits 
(800 m). The flow through the Yucatan Strait sets up a cunrent known as the Loop 
Current, which flows northward, sometimes almost to the Mississippi Delta, turns 
southeastward, and then exits by way of the Florida Straits, creating the Gulf Stream 
(Morrison and Nowlin, 1977). Large eddies created by the Loop Current frequently are 
observed in the western Gulf (Merrell and Morrison, 1981).
Oceanographic studies of the Gulf of Mexico have revealed the presence of 6 
different water masses (Fig. 3.4). The uppermost has been termed the Surface Mixed 
Layer (SML). The SML is found from 0 to 100 m, and is relatively homogeneous with 
respect to salinity and temperature at any given time. As the surface water, it has large 
seasonal variations of these properties (Nowlin, 1971). Below the SML is the Gulf 
Water (GW), which is generally found from 100 to 250 m. This water mass, as well as 
the SML, forms by vertical mixing at the edge of the Loop Current in the eastern Gulf. 
It differs from the Subtropical Underwater found in the eastern Gulf in its lower 
salinities and lack of a thin secondary oxygen minimum. GW is typified by its salinity, 
averaging 36.4 - 36.5%c (Morrison et al„ 1983). The Oxygen Minimum Water (OMW) 
has an average depth range of 250 to 650 m in the western Gulf and is characterized by 
its low







1 000 1 0 0 0
OMW
1 500 1 500





32 4 5 0 10 20 30
Dissolved Oxygen (ml/l) Silicate (pM)
Fig. 3.4. General depth-distribution of northwest Gulf of Mexico water masses, with 
values for (a salinity (S) and dissolved oxygen content (02) and (b temperature (T) and 
silicate (Si) content (data from Nowlin and McLellan, 1967; Morrison et al., 1983) at 
two stations (27° N, 93° W).
dissolved oxygen content, with O2 values between 2.5-2.9 ml /1. This water mass is 
derived from the Tropical Atlantic Central Water (Morrison et al., 1983).
The Subantarctic Intermediate Water (SA1W) usually has an upper boundary at 550- 
700 m, and a lower boundary at about 1000 m. This water mass is formed in the 
Antarctic Convergence area of the South Atlantic, and enters the Gulf of Mexico through 
the Yucatan Strait (Nowlin and McLellan, 1967). The main features of SAIW are its 
salinity minimum (34.88-34.89%c), and its nitrate and phosphate maxima (Morrison et 
al., 1983). As the salinity values in the Gulf of Mexico for SAIW are higher than those 
of "pure" SAIW, it is believed that the Gulf has only a remnant of the original water 
mass (Nowlin, 1971). There is little change in water-mass properties in the Gulf below 
SAIW. The stratification is unclear, although there is some agreement that there are two 
masses below 1000 m, with the boundary at approximately 1500 m. The upper mass 
was originally termed the North American Deep Water (Nowlin, 1971). On the basis of 
' its highrsilicate content (24-28 |iM), Morrison et al. (1983) identified this mass as being 
a mixture of Caribbean Midwater (CMW) and upper North Atlantic Deep Water 
(NADW). CMW is much higher in its silicate content than pure NADW, and has 
slightly lower salinities (Metcalf, 1976).
The Gulf Basin Water (GBW) is present at depths greater than 1500 m. This water 
mass has been found to be nearly homogeneous with respect to temperature, salinity, 
and oxygen (Nowlin, 1972). However, Carder et al. (1977) report that silicate values 
range from 18 jiM near the Yucatan Straits to 25 in the western Gulf. Using silicate 
as a tracer, it was found that renewal waters from 1500 m to the sill (1900 m) enter the 
Gulf and then sink to below 3000 m; the basin floor is at 3660 m. Furthermore, even at 
350 km north of the straits the waters were found to be at least 50% Caribbean. 
Presumably the water receives its silicate from pore waters, rises in the western Gulf, 
and then flows back out the Yucatan Straits.
A modifying influence on at least the shallower water masses is provided by the 
discharge from the Mississippi River Delta. Although low salinities are generally 
associated with this discharge, this most likely affects only the SML (Parker, 1954). 
Much more widespread are the effects of the high productivity, the most significant of 
which is the low oxygen condition resulting from the oxidation of large amounts of 
organic matter. Data from a traverse off Southwest Pass (Ragan et al., 1978) show 
large variations in the oxygen values of the bottom water on the shelf, due to the 
formation of a fresh-water "lid". The values ranged from 5.3 ml /1 (April, 1976) to .6 
ml /1 (August, 1976) at 91m. At 110 m, they ranged from 5.1 ml /1 (August, 1976) to 
2.4 ml /1 (September, 1975). This range of values is considerably lower than that 
found in similar depths elsewhere in the Gulf (average 4.5 ml /1; Nowlin and McLellan, 
1967). Ragan et al. (1978) found that these oxygen variations followed a seasonal 
pattern, with late summer usually having the lowest values. The yearly variations were 
found to be dependent on the amount of discharge from the Mississippi River. After a 
record amount of discharge in 1973, large areas of the Louisiana shelf became anoxic 
(0.0 ml /1). By 1975 this was no longer the case. A study of oxygen saturation in 
deeper waters (>300 m) shows the oxygen minimum to be much stronger in a traverse 
off of the delta than in one distal from it (Koons and Perry, 1976). It is quite probable 
that this minimum extends up to the SML, where the seasonal oxygen minima were 
found by Ragan et al. (1978).
Results
Cluster Analysis
Hie Q-mode cluster analysis reveals six significant clusters, with two major 
subclusters present in each of two clusters (Fig. 3.5). The clusters successfully 
differentiated the foraminiferal assemblages associated with each of the water masses. It 
also segregated the relatively shallow-water samples bom the Mississippi River Delta 
region.
Cluster 1 contains four samples. These were from water depths of 87,91,122 and 
146 m, with the last two containing some transported specimens. This cluster thus 
corresponds to the lowermost portion of the SML. It has been suggested that this is the 
most significant faunal boundary in the Gulf (Phleger, 1960).
Cluster 2 contains 13 samples in the 118-252 m range, plus one sample from 701 m. 
This represents the Gulf Water assemblage. The anomalous, deeper-water, sample 
contains a large number of displaced specimens common to the depth range of the GW.
Cluster 3 contains 8 samples from 152 to 405 m, 7 of which are from off the 
Mississippi River Delta. This cluster thus represents the delta assemblage. Apparently 
this assemblage is not significantly developed below approximately 400 m, suggesting 
that below this depth the environmental conditions proximal to the delta are similar to 
those distal from it This is supported by oxygen data, as it is at this depth that the distal 
and proximal dissolved oxygen curves converge (Koons and Perry, 1976). The sample 
not from the delta region may contain a relict population from an earlier Holocene delta 
lobe.
Cluster 4 contains 18 samples from 259 to 409 m, the depth range of the upper half 
of OMW. This cluster was the only one that contained no anomalous samples with
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Fig. 3.5. Dendrogram for the cluster analysis.
significant proportions of displaced specimens. The lower depth limit of this 
assemblage does not match a water mass boundary, but marks the separation between a 
fauna containing shallow-water components near their lower depth limits, and one 
containing deep-water species as they first begin to appear.
The 41 samples constituting cluster 5 represent a total depth range of 370-928 m, but 
37 are confined to a range of 412-678 m. This cluster is thus related to the lower 
portion of the OMW, with a few outliers. Two major subclusters can be recognized 
Subcluster 5A contains 19 samples from 370-835 m, with most from below 533 m. 
Seventy-five percent of the samples are from west of 94.4° W, although two are from 
the vicinity of the delta. Subcluster 5B has 21 samples from 457-678 m, plus 3 deeper 
samples (771-928 m), with 92% from east of 94.4° W. This suggests that the division 
of the subclusters is caused by a combination of water depth and geographical locale, 
although this fails to explain all of the samples. An examination of the species’ 
abundances in the samples reveals that all but one of the samples in 5A contain less than 
2% Alabaminella turgida. with 75% having less than 1%. All of the samples in 5B have 
more than 2% A- turgida. and range up to 15%. Pflum and Frerichs (1976) state that A- 
turgida is the species most sensitive to the "delta effect." We find that A  turgida is least 
common within the OMW and in the shallow, oxygen-depleted waters offshore of the 
Mississippi River Delta. Thus, it is possible that the faunas related to the subclusters are 
responding to the oxygen content of the bottom waters. Oceanographic data are in 
agreement, as the shallow, western, subcluster (5A) contains samples from the core of 
the OMW (350-500 m), and are from an area where the core is both thicker and stronger 
(Nowlin and McLellan, 1967). This also accounts for the samples from off the 
Mississippi Delta found in this subcluster. As in previous clusters, cluster 5 contains 
samples from deeper water which have been contaminated by downslope transport, 
particularly in the delta region.
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Cluster 6 is composed of 32 samples from 671-1361 m, and can also be divided into 
two subclusters. Subcluster 6A contains 18 samples from 671-1000 m, plus one 
sample from 1093 m. This matches the depth range of the SAIW. Subcluster 6B has 9 
samples from below 1000 m, but includes 4 from shallower levels (875-975 m). The 
depth limits of this subcluster roughly roughly correspond to those of CMW.
Factor Analysis
The R-mode factor analysis revealed 5 significant factors, accounting for 46% of the 
total variance. Factor loadings for the 103 species used are given in Table 3.2, with the 
species grouped into their respective factor assemblages.
Factor 1 accounts for 11% of the variance. Nineteen species were placed in this 
assemblage, with Reussella atlantica. Bigenerina irregularis, and Angulogerina bella. all 
from depths less than 100 m (Phleger and Parker, 1951), having the highest loadings. A 
plot of the factor scores of the samples against depth (Fig. 3.6) shows that all of the 
significant scores occur below 150 m. We correlate this factor to SML.
Factor 2 explains 10% of the variance. Fifteen species had significant positive 
loadings on this factor; the strongest of which were shown by Bulimina spicata. 
Planulina foveolata. and Cibicidoides umbonatus. The factor scores (Fig. 3.7) show 
that nearly all of the significant positive values are found between 100 and 250 m, the 
depth range of GW. Thirteen species, including Epistominella exigua. are negatively 
correlated with factor 2. These species represent the SAIW assemblage, although the 
plot is noisy and the samples' factor scores are generally lower than those for the other 
assemblages.
Factor 3 also accounts for 10% of the variance. Significant positive loadings are 
shown by 15 species. Gvroidinoides laevis. Cibicides wuellerstorfi. Pullenia 
subsphaerica. Bulimina aculeata. Gvroidinoides polius. and Laticarinina pauperata are
Table 3.2. Factor loadings of the 5 factors for each of the 103 species used in the factor 
analysis, with species sorted by factor assemblages.
Species Fact. 1 Fact. 2 Fact. 3 Fact. 4 Fact. 5
Factor 1
Bie. irreeularis 0.09923 -0.04037 -0.00297 0.02301 -0.01109
Ang. bella 
Reu. atlantica
0.09765 -0.03425 0.00572 0.03451 0.00505
0.09245 -0.02124 0.00163 0.01645 -0.01131
Ano. i2 0.08528 -0.02347 0.00512 0.02817 -0.00790
Eto. translucens 0.08080 -0.00769 0.01281 0.02969 0.00971
Pse. atlanticum 0.07436 -0.01889 0.00309 0.02736 0.01061
Han. strattoni 0.07370 -0.01962 -0.00197 0.00659 -0.01276
Cla. mexicana 0.06130 -0.00877 -0.00398 0.03008 -0.00648
Cib. p. sublittoralis 0.06086 -0.00430 -0.00602 -0.02116 -0.02387
Sie. schlumbergeri 0.06034 -0.00160 0.03941 0.03711 -0.00342
Bol. s. spinata 0.05926 -0.00492 -0.01889 -0.02365 -0.04314
Sie. ellipdca 
Tri. triponula
0.05899 0.00111 0.00387 0.00836 0.01833
0.04977 -0.01454 0.00828 0.01422 0.02404
Amm. parkinsoniana 0.04933 0.00488 0.01668 0.02414 0.02324
Rot basilica 
Dis. bertheloti
0.04810 0.00692 -0X)1296 -0.03256 -0.03020
0.04658 0.01515 -0.00138 -0.01500 -0.01283
Oui. lamarckiana 0.04658 -0.01843 -0.00923 -0.00419 -0.01778
Bol. fragilis 0.04273 -0.01103 -0.01617 -0.02628 -0.03288
Exr. nasnta 0.03323 0.02607 -0.00120 -0.01680 -0.02193
Factor 2
Bui. spicata -0.02988 0.09005 0.05879 -0.00927 -0.04872
Pla. foveolata -0.03849 0.08317 0.00988 -0.01196 -0.01264
Cib. umbonatus -0.01476 0.07856 0.00868 0.03190 -0.01142
Uvi. pereerina -0.01646 0.06867 0.05324 0.06522 0.02486
Bol. s. mexicana -0.03128 0.06825 0.00225 -0.01553 0.04693
Sig. distorta 
IM - laevis
-0.02351 0.06798 0.00135 0.00281 -0.02052
-0.01250 0.06662 -0.01063 -0.04561 -0.04692
Hoe. elegans -0.02699 0.06566 0.00531 -0.03831 -0.03946
Cas. curvata -0.01727 0.05859 -0.02350 0.03437 -0.02363
Len. clericii -0.02786 0.05634 0.01224 -0.01721 -0.01381
Uvi. parvula 0.02451 0.05160 -0.00169 0.00111 -0.02507
Sin. pulchra 0.01419 0.04559 -0.00175 -0.02934 -0.04958
Len. lowmani -0.01194 0.04481 0.00339 -0.01336 -0.00306
Len. calcar -0.00212 0.04157 0.00246 0.01909 0.00413
Psg. atlantica 0.01893 0.03564 0.01038 0.02979 -0.00580
Mel. barleeanum 0.00672 0.03518 0.00123 -0.02945 -0.04186
Factor-2
Eoi. exieua -0.00948 -0.06518 -0.00549 -0.01660 -0.03360
Chi- w lin a -0.01235 -0.05826 -0.03384 -0.03196 0.01896
Tos. weaveri 0.00276 -0.05679 -0.02104 0.00702 -0.03104
Osa. rugosa 0.00950 -0.05417 -0.02324 0.02354 -0.02441
Lat. soinescens 0.00506 -0.05267 -0.04225 -0.02125 -0.05913
Em. ssmiimda -0.00685 -0.05187 -0.03277 -0.03259 -0.00970
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Table 3.2
Species Fact. I Fact. 2 Fact. 3 Fact. 4 Fact. 5
"Yal opima" 0.00180 -0.04912 0.00291 0.01656 -0.03787
Qua- laevigata -0.01641 -0.04394 -0.00964 -0.04128 -0.03041
Abd. useudothalmanni 0.00110 -0.04207 -0.03307 -0.00590 -0.03694
Car. mexicana 0.00420 -0.02945 0.00501 0.00041 0.03002
Factor 3
Gyr- lacvis 0.00557 0.02478 0.08998 0.03625 0.00785
Cib. wuellerstorfl -0.00737 0.03805 0.08647 -0.00547 0.00957
Pul. subsnhaerica -0.01121 0.02695 0.08282 -0.02315 -0.00512
Bui, aculeata 0.00101 0.00800 0.08212 0.01390 0.00584
Gyr. polius -0.00831 0.01980 0.08201 -0.02121 -0.00530
Lat. pauperata 0.00467 0.02177 0.08161 0.02420 0.00166
Cib. p. bathvalis -0.02786 0.07524 0.07086 0.05252 0.03418
Cib. robertsonianus 0.00055 0.01821 0.06885 0.01492 -0.00755
Pul, subcarinata -0.00887 0.03010 0.06404 0.00631 -0.01424
Qsa. culter -0.00258 -0.01191 0.05639 -0.01490 -0.00704
Nm- decoraia -0.00624 0.02599 0.05572 -0.01074 0.00115
Bol. abrupta -0.00692 0.00084 0.05494 -0.02668 -0.01169
Neo. Deregrina -0.00665 0.01823 0.05025 -0.00043 -0.00516
Eee. bradvi 0.00320 0.00067 0.03844 0.02392 0.00860
Cri. wiesneri -0.00402 -0.00504 0.02775 -0.02206 -0.00863
Factor -3
Bol. ordinaria -0.03870 -0.05867 -0.09295 -0.01203 -0.00089
Cas. neocarinata -0.01653 0.00589 -0.05377 0.04366 -0.00989
Gvr. umbonatus -0.02127 -0.00606 -0.04576 -0.01250 -0.04701
Cas. n. australis -0.01275 0.00597 -0.04434 0.03073 -0.02162
Bol. minima -0.02868 0.03163 -0.03871 -0.00732 -0.03622
Lat. subsoinescens 0.03041 0.02351 -0.03322 0.02338 -0.04037
Factor 4
Soh. bulloides 0.00501 0.00562 0.00206 0.07534 -0.00923
Bui. mexicana 0.00763 -0.00382 -0.00018 0.07513 0.05073
Sic. bradvana 0.00774 0.00948 -0.02015 0.07041 -0.02074
IM . hispido-costata 0.01429 -0.01163 -0.02728 0.00602 -0.00700
Gay. translucens 0.00030 -0.03617 -0.04122 0.06363 -0.01431
Cas- crassa 0.01101 0.00281 -0.02899 0.06219 -0.02977
Amo. hispida 0.00630 0.01273 -0.00310 0.05643 0.00325
Pul. bulloides 0.00032 0.01630 -0.02117 0.05341 -0.03387
Bol. albatrossi -0.01783 0.01947 0.03301 0.05207 -0.03223
Ori. stellatus 0.00878 -0.01519 -0.01631 0.04735 0.00450
Pla. ariminensis 0.00799 -0.01955 -0.02768 0.04606 -0.02695
Ehr. trigona -0.00564 0.02513 -0.01576 0.03998 -0.02080
Tri. bradvi 0.00366 -0.02668 -0.04235 0.03655 -0.03763
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Fig. 3.6. Factor scores for factor 1 plotted against depth (m).
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Fig. 3.7. Factor scores for factor 2 plotted against depth (no).
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the most important components of this assemblage. All of these species are most 
common in deep water (Pflum and Frerichs, 1976); apparently the assemblage is 
associated with CMW, although the factor score plot (Fig. 3.8) shows that it becomes 
significant below approximately 800 m. Negative loadings are shown by 6 species, 
with Bolivina.ordinaria being the most significant. These species are generally common 
below 1000 m, and are not associated with any particular water mass.
Factor 4 explains 8% of the variance. Significant positive loadings are shown by IS 
species, with Sphaeroidina bulloides. Bulimina mexicana. and Siphonina bradvana 
having the highest loadings. The plot of factor scores shows that this assemblage is best 
developed within OMW (Fig. 3.9). Eight species show strong negative loadings. The 
dominant member of this group is Alabaminella turgida. These species are apparently 
intolerant of low levels of dissolved oxygen, and above 250 m and below 650 m.
Factor 5 accounts for 6%  of the variance. Nine species show significant positive 
loadings. Nonionella opima. Bolivina barbata. Bulimina marginata. and Bolivina alata 
are all very highly loaded on this factor. The depth plot of the scores reveals only that 
this assemblage is found below 400 m (Fig. 3.10), but a geographical plot of the scores 
(Fig. 3.11) demonstrate the dominance of the assemblage in the easternmost part of the 
study area, near the Mississippi River Delta. Two samples from the central portion of 
the study area also have high scores, one represents a relict population from a previous 
delta lobe, while the other contains numerous transported specimens. Two essentially 
cosmopolitan species, including Cassidulina subglobosa. show strong negative 
loadings.
scores
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Fig. 3.10. Factor scores for factor 5 plotted against depth (m).
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Fig. 3.11. Map of northwestern Gulf of Mexico with factor 5 scores, showing highly 
significant scores in vicinity of the Mississippi Delta.
Discussion
We compared the results of the two methods used to analyze the data on foraminiferal 
abundance. Cluster 1 and factor 1 are related to SML, cluster 2 and factor 2 to GW, 
cluster 3 and factor 5 to the offshore delta environment, clusters 4 and 5 and factor 4 to 
OMW, cluster 6A and negative loadings on factor 2 to SAIW, and cluster 6B and factor 
3 to CMW. The cluster-factor matches give us some idea as to what species are 
important to which cluster.
We further examined the separation of subclusters 5A and 5B. As discussed earlier, 
the relative abundance of Alabaminella turgida. which reflects the dissolved oxygen 
content of the bottom water, plays a key role in this separation. A- turgida was found to 
be the dominant species of the group that shows negative loadings on factor 4, a group 
which is intolerant to low oxygen conditions. The plot of factor 4 scores for cluster 5 
against longitude (Fig. 3.12) shows that the overall trend is one of increasing scores 
toward the west. This would be expected if the OMW were indeed best-developed in 
the westernmost portion of the study area, as speculated earlier. The depth plot of the 
scores (Fig. 3.13) confirms that the shallower samples (within the core of the OMW) 
have the highest scores.
The delta assemblage (factor 5) is dominated (in both factor loadings and relative 
abundances) by species whose morphologies place them into Corliss's infaunal 
morphotype classification (Corliss, 1985; Corliss and Chen, 1988). These putative 
infaunal types include species with rounded planispiral, flattened ovoid, tapered and 
cylindrical, spherical, or flattened tapered morphologies. Such species have high 
surface-area to volume ratios and even pore distributions, interpreted to be an adaptation 
to the depleted oxygen conditions within the sediment (Corliss, 1985). This is a 
reasonable conclusion if pores are used in the respiration process (Leutenegger and
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Fig. 3.12. Cluster 5 factor scores for factor 4 plotted against longitude.
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Fig. 3.13. Cluster 5 factor scores for factor 4 plotted against depth (m).
Hansen, 1979). This adaptation should also prove advantageous in areas with low- 
oxygen bottom waters. This is the case off the western coast of North and South 
America, where the oxygen minimum is very strong (.25 ml /1), all of the dominant 
species have infaunal morphologies (Ingle and Keller, 1980). The near absence of the 
oxygen-sensitive species A* turgida in the delta region, as discussed by Pflum and 
Frerichs (1976), supports the key role played by dissolved oxygen in the area.
The amount and type of organic matter in the sediment may also play a role in the 
delta region. Caralp (1989) suggested that species can be adapted to differing types of 
organic matter, unaltered and altered marine organics in particular. Dignes (1979) 
correlated several of his deep-water assemblages with the amount of terrestrial organic 
matter in the sediment As discussed earlier, the delta outflow region is an area of high 
productivity, similar to an area of upwelling. This causes marine organic matter to reach 
the bottom in large amounts. There is also a significant amount of terrestrial organic 
matter within the outflow itself (Ragan et al., 1976) . Thus, the large amount of 
organic matter within the sediments of the delta region may help explain the abundances 
of some epifaunal-type species not adapted to the low-oxygen conditions, as well as the 
moderate differences found in the deep-water assemblages from the delta region when 
compared to distal faunas.
As stated earlier, the relationship between the SAIW / CMW boundary and the 
clusters was unclear. Also, the results of the factor analysis could not be explained by 
the position of this boundary. If, however, SAIW in the Gulf is only a remnant of an 
original intermediate water mass, it is possible that the species normally strongly 
associated with this water mass have been "diluted" by species from neighboring 
waters, particularly CMW. This may explain why the species negatively associated with 
factor 2 do not have significant loadings. Our data on the distributions of these species 
are in agreement with this, because hardly any species are common only within SAIW.
It is also notable that SAIW is much thicker in the western Gulf (350 m) than in the 
eastern Gulf (100 m), suggesting further dilution or mixing as the water mass moves 
through the Gulf. The factor analysis of the faunal data may be distinguishing the effect 
of the SAIW core (upper 100-150 m) from the lower SAIW, which is possibly mixed 
with CMW.
The successful differentiation of the bathyal water masses by this study brings up the 
question as to why previous studies in the Gulf of Mexico using multivariate analyses 
failed to do so. Although Dignes (1979) used a similar number of samples (111), that 
study covered a very large bathymetric (12-3641 m) and geographic (83-96° W; 24-29° 
N) range. The samples were chosen at uniform depth intervals, causing a 
disproportionate distribution of samples in the context of water mass limits. These are 
the most likely causes of the lack of assemblage differentiation in the bathyal zone, but 
there is also the problem inherent in combining data from different studies. This is an 
especially large problem when we consider that Phleger and Parker (1951) did not 
identify unilocular forms, lenticulinids, or several other species very common in Pflum 
and Frerichs’ (1976) study, particularly Tosaia weaveri and "Valvulineria opima”. 
Furthermore, the different sediment thicknesses in the samples of the various studies led 
to the recognition of different species' distributions, because of taphonomy and the 
differences in living habitats of species (Denne and Sen Gupta, 1989). This can explain 
whv Gavelinopsis translucens was under-reported in Phleger and Parker’s (1951) study 
of the western Gulf in contrast to Parker's (1954) study of the eastern Gulf (Denne and 
Sen Gupta, 1989), and why Dignes found the "Discorbina" translucens assemblage on 
the Florida slope and not the western slope.
These same problems may have affected the results of Culver and Buzas' (1983), 
based on data from 77 different studies. Another likely cause for noise in this data set is 
the use of presence/absence data of numerous rare species.
Summary and Conclusions
1. Cluster and factor analyses of benthic foraminiferal abundance data from the 
northwestern Gulf of Mexico demonstrate the presence of assemblages whose depth 
limits correspond to those of known water masses. A shallow-water delta assemblage is 
also distinguished.
2. Six significant clusters are identified by the Q-mode cluster anlsysis, matching 
with Surface Mixed Layer (SML), Gulf Water (GW), upper Oxygen Minimum Water 
(OMW), lower OMW, deep-water, and the offshore delta environment. The lower 
OMW cluster is separated by the amount of dissolved oxygen into two subclusters. The 
deep-water cluster is also divided into two subclusters, representing the Subantarcdc 
Intermediate Water (SAIW) and Caribbean Midwater (CMW) assemblages.
3. Five significant factors identified by the R-mode factor analysis are also related to 
water masses. The assemblages represent the environments of SML, GW, SAIW, 
CMW, OMW, plus the delta and a high-oxygen environment. In addition, two 
cosmopolitan assemblages are present.
4. The low amount of dissolved oxygen is a critical environmental factor in the 
Mississippi River Delta area in waters shallower than 400 m. Many species here have 
morphologies adapted to low-oxygen conditions, the oxygen-sensitive species 
Alabaminella turgida has extremely low abundances.
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5. The excellent correspondence between the results of the two multivariate analyses 
confirms the validity of the results in terms of environmental interpretations. Similar 
studies of past species' distributions should lead to the recognition of ancient water mass 
boundaries and provide some understanding of the nature of bathyal water masses.
6. The failure of previous studies to distinguish these water-mass related 
assemblages is apparently tied to the very large bathymetric and geographic ranges of the 
data sets, and to the problems caused by combining the results of studies that used 
different sampling and laboratory procedures, the over-emphasis on many rare species 
(against a few common or abundant species) in presence/absence studies also played a 
role.
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Species List
Abditodentrix pseudothalmanni (Boltovskoy and Giussani de Kahn) 
Aderootrvma glomerata (Brady)
Alabaminella imgida (Phleger and Parker)
Ammonia parkinsoniana (d'Qrbigny)
Amphicorvna hispida (d’Orbigny)
Angulogerina bella Phleger and Parker 
Anomalinoides deprimus (Phleger and Parker)
Anomalinulla A
Bigenerina irregularis Phleger and Parker 
Bolivina alata (Seguenza)
Bolivina albatrossi Cushman 
Bolivina barbata Phleger and Parker 
Bolivina fragilis Phleger and Parker 
Bolivina gogssi Cushman 
Bolivina hastata Phleger and Parker 
Bolivina lowmani Phleger and Parker 
Bolivina minima Phleger and Parker 
Bolivina ordinaria Phleger and Parker 
Bolivina striatula spinata Cushman 
Bolivina subaeneriensis mexicana Cushman 
Bolivina translucens Phleger and Parker 
Bolivinita abrupta (Phleger and Parker)
Bulimina aculeata d'Orbigny
Bulimina alazanensis Cushman 
Bulimina marpinata d'Orbigny 
Bulimina mexicana Cushman 
Bulimina spicata Phleger and Parker 





Cassidulina curvata Phleger and Parker
Cassidulina neocarinata Thalmann




Cibicides rugosus Phleger and Parker
Cibicides wuellerstorfi (Schwager)
Cibicidina A
Cibicidoides incrassatus (Fichtel and Moll) 
Cibicidoides mollis (Phleger and Parker) 
Cibicidoides mundulus (Brady, Parker, and Jones) 
Cibicidoides pachvdermus bathyalis Poag 
Cibicidoides pachvdermus sublittoraiis Poag 
Cibicidoides robertsonianus (Brady)





Ehrenbergina trigona Gogs 
Elphidium discoidaie (d'Orbigny)
Elphidium translucens Natl and 
Epistominella exieua (Brady)
Epistpminclla x i m  Parker 
Fissurina flintiana Seguenza 
Fissurina laevigata Reuss 
Fissurina radiata Seguenza 
Fursenkpina csmpressa (Bailey)
Fursenkoina seminuda (Natland)
Gavelinopsis translucens (Phleger and Parker) 
Glomosnira charoides (Jones and Parker) 
Gvroidinoides altiformis (Stewart and Stewart) 
Gvroidinoides laevis (d'Orbigny)
Gvroidinoides polius (Phleger and Parker) 
Gvroidinoides cf. rotundimargo (Stewart and Stewart) 
Gvroidinoides umbonatus (Silvestri)






Laticarinina pauperata (Parker and Jones) 
Lenticulina atlantica (Barker)
Lenticulina calcar flJnn&
Lenticulina clericii (Fomas ini) 
Lenticulina cultrata (Montfort) 
Lenticulina gibba (d'Orbigny) 
Lenticulina lowmanj (Andersen) 
Lenticulina orbicularis (d'Orbigny) 
Marginulina glabra d'Orbigny 
Martinottiella occidentals (Cushman) 
Melonis barleeanum (Williamson) 
Miliolinella circularis (Bomemann) 
Neocrosbyia minuta (Parker) 
Neolenticulina pereerina (Schwager) 
Nonionella opima Cushman 
Nonionoides Erateloupi (d'Orbigny) 
Nuttalides decorata (Phleger and Parker) 
Qolina botelliformis (Brady)
Oridorsalis stellatus (Silvestri) 
Oridorsalis tener (Brady)
Oridorsalis umbonatus (Reuss) 
Oridorsalis westi Andersen
Qsangularia rugosa (Phleger and Parker) 
Parafissurina lateralis (Cushman)
Paumotua cf. E  terebra (Cushman)
Planulina ariminensis d'Orbigny 
Planulina exoma Phleger and Parker 
Planulina foveolata (Brady)




Pullenia subsphaerica Parr 
Pvrgo nasuta Cushman 
Pvrgoella sphaera (d'Orbigny) 
Ouadrimorphina dabra (Cushman) 
Ouadrimorphina laevigata (Phleger and Parker) 
Ouinaueloculina bosciana d'Orbigny 
Ouinoueloculina lamarckiana d'Orbigny 
Rectobolivina advena (Cushman)
Reussella adantica Cushman 
Rhabdammina abvssorum Sars 
Rosalina suezensis (Said)
Rotorbinella basilica Bandy 
Rutherfordoides mexicanus (Cushman) 
Rutherfordoides tenuis (Phleger and Parker) 
Sacgorhiza ramosa (Brady)
Seabrookia earlandi (Wright)
Siemoilinita distorta (Phleger and Parker) 
Sigmoilinita elliptica (Galloway and Wissler) 
Sigmoilopsis schlumbergeri (Silvestri)
Siphonina fradyana Cushman 
Siphonina puichra Cushman 
Siphotrochammina squamata (Jones and Parker)
Sphacroidina bulloides d’Orbigny 
Stainforthia complanata (Egger)
Textularia earlandi Parker 
Textularia foliacea occidenialis Cushman 
Textularia mavori Cushman 
Textularia mexicana Cushman 
Tosaia weaveri Seiglie and Bermudez 
Trifarina bradvi Cushman 
Iriloculina ttieonula (Lamarck)
Trochammina adicna Cushman 
Trochammina elobulosa Cushman 
Trochanunina iaponica Ishiwada 
Trochammina quadriloba Hdglund 
Trochammina tasmanica Parr 
Uvigerina hispida Schwager 
Uvigerina hispido-costata Cushman and Todd 
Uvigerina laevis Gogs 
Uvigerina parvula Cushman 
Uvigciina neregrina Cushman 
Valvulineria mexicana Parker
Valvulineria "opima" as identified in Pflum and Frerichs, 1976
Chapter 4
Paleoceanography of the Bathyal Waters 




A Q-mode cluster analysis and an R-mode factor analysis performed on 61 samples 
from the northwestern Gulf of Mexico (90-95° W; 283-1341 m) dated at 15,000 yBP 
revealed the presence of 4 distinct foraminiferal assemblages within the study area. 
These assemblages are apparently related to water masses, tentatively identified as 
Subtropical Underwater (SUW)(100?-350 m), Oxygen Minimum Water (OMW)(350- 
570 m), North Atlantic Intermediate Water (NAIW)(570-775 m), and Mediterranean 
Outflow Water (MOW)(775->1241 m). A fauna related to a secondary oxygen 
minimum found within SUW indicates the presence of SUW, rather than Gulf Water 
(GW), and suggests that the Loop Current was flowing within the study area. Because 
of the absence of several Subantarctic Intermediate Water (SAIW) species, the presence 
of NAIW is inferred, rather than that of SAIW. The factor analysis also detected a delta 
assemblage, most fully developed east of a previously identified shelf-margin delta. 
This suggests an eastward flow, possibly the Loop Current, within the northwestern 
Gulf. Three faunal events of the last deglaciation are recorded in a core from 726 m, 
related to water mass shifts at 13,000 and 11,000 yBP, and a change in the type or 
amount of organic matter at 4,500 yBP.
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Introduction
The correlation of oceanography with deep-water benthic foraminiferal assemblages, 
initially demonstrated by Streeter (1973), has led to numerous paleoceanographic studies 
using abyssal benthic foraminifera (see Douglas and Woodruff, 1981). It has only 
recently been shown that foraminiferal assemblages in bathyal depths can also be 
matched with water masses (chapter 3). It was found that assemblages determined by 
cluster and factor analyses are related to the 5 water masses covering the study area in 
the northwestern Gulf of Mexico: the Surface Mixed Layer (SML), Gulf Water (GW), 
Oxygen Minimum Water (OMW), Subantarctic Intermediate Water (SAIW), and 
Caribbean Midwater (CMW)(Fig. 3.4). An assemblage corresponding to the offshore 
deltaic environment was also found. The present study is an attempt to determine the 
paleoceanography of the bathyal waters in the Gulf of Mexico during the last glacial, 
prior to the onset of deglaciation.
Paleoceanographic studies of the North Atlantic Ocean, using both stable isotopic 
and faunal evidence, have shown that the influx of Mediterranean Outflow Water 
(MOW), a major component of upper North Atlantic Deep Water (NADW), was 
increased during the last glacial (Zahn and Samthein, 1987). This was also found in the 
Caribbean (Oppo and Fairbanks, 1987). Chemical data suggest that the North Atlantic 
Intermediate Water (NAIW) was also an important component of Caribbean waters 
(Boyle and Keigwin, 1986).
The only Gulf of Mexico study of the paleoceanography of intermediate waters during 
the last glacial integrated the 5* 3c and relative abundance record of Uvigerina peregrin a 
from a core taken at about 1600 m (Joyce and Williams, 1986). It was postulated that 
the waters at that depth were more highly oxygenated during the last glacial than the 
present Gulf Basin Water (GBW), but became much less oxygenated during
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deglaciation. This was ascribed to a decrease in NADW in the Gulf, allowing SAIW to 
extend down to at least 1600 m, 600 m below its modem lower limit.
Nearly all previous paleoceanographic studies using benthic foraminifera have used 
numerous sampling intervals from only a few cores, a method known as time-series. 
When there is a paucity of deep-water cores, this is usually the only method available. 
Although this method is excellent at determining the timing and nature of water mass 
shifts, erroneous interpretations may result from the limited data of only a few cores, 
whose fauna may be uncharacteristic of the environment. Furthermore, the data may not 
be adequate for the location of past water mass boundaries. The time-slice method, 
however, uses only one or a few datums from a large number of cores. The results can 
be directly compared to those from Recent studies, which yield similar data. It is 
therefore a better method to constrain the limits of ancient water masses. Erroneous data 
can be more easily detected. The major disadvantages, of course, are the difficulty of 
obtaining a large number of suitable cores, and the problem of precise dating of 
numerous samples.
Material and Methods
This study incorporates benthic foraminiferal data from 61 samples from the 
northwestern Gulf of Mexico (90-95° W; 283-1341 m; Fig. 4.1, Table 4.1) dated at 
approximately 15,000 yBP. In addition, a downcore study utilized 20 samples taken at 
about 15 cm intervals from core 1744 (726 m). The 15,000 year datum was identified 
with quantitative planktonic foraminiferal abundance data, using the >175 |im fraction, 
from which 300 representative specimens were counted. The zonation scheme used was 
modified from Kennett and Huddlestun (1972), who divided the Ericson and Wollin Y 
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Fig. 4.1. Map of the study area in the northwestern Gulf of Mexico during the last 
glacial, with locations of the 61 cores. Shown also are the locations of the shelf-margin 
deltas described by Suter and Berryhill (1985). Contours are estimated late Pleistocene 
depths (m), with the approximate shore line denoted by the dashed line.
8 5
Table 4.1. Location and modem water depths of the 61 cores used in the study.
Samp. Depth Lat. Long. Samp. Depth Lat. Long.
1574 283 27.67 -93.66 1745 674 27.58 -94.31
1573 311 27.66 -93.67 1744 726 27.57 -94.30
2015 316 27.72 -93.81 1760 729 27.59 -94.47
1419 346 27.82 -92.09 1864 729 27.73 -91.36
2010 351 27.71 -94.74 1627 770 27.50 -94.10
1536 370 27.80 -92.66 2009 771 27.58 -94.84
1846 391 27.80 -91.19 1619 781 27.31 -93.63
2023 401 27.76 -92.59 1597 785 27.50 -92.90
1557 430 27.61 -93.01 2013 788 27.58 -94.40
1550 437 27.61 -93.04 1993 793 27.42 -92.87
1459 466 27.76 -91.98 1599 796 27.25 -93.49
1836 471 27.80 -91.36 1605 796 27.26 -93.50
2011 524 27.70 -93.30 1445 805 27.62 -92.13
1640 529 27.56 -93.70 2024 812 27.59 • -92.39
1657 534 27.43 -93.54 1626 813 27.50 -94.10
1407 563 27.72 -92.16 1609 820 27.24 -93.52
1669 579 27.44 -93.49 1612 827 27.26 -93.52
1746 579 27.59 -94.32 2025 828 27.45 -92.25
2026 579 27.63 -91.90 1602 838 27.26 -93.50
1862 598 27.74 -91.33 1563 846 27.56 -92.88
2030 619 27.71 -91.46 1985 875 27.36 -92.81
2022 635 27.59 -92.64 2033 878 27.62 -91.07
1451 637 27.70 -92.00 1600 881 27.66 -93.50
1635 639 27.60 -94.20 1589 887 27.52 -92.44
1680 643 27.47 -93.39 1991 930 27.41 -92.85
1667 645 27.38 -93.47 1753 1003 27.41 -94.49
1647 652 27.50 -93.57 1268 1314 27.30 -90.40
1594 663 27.49 -93.04 1281 1323 27.30 -90.42
1639 666 27.58 -93.70 1270 1330 27.30 -90.41
1448 667 27.68 -92.02 1578 1341 27.25 -92.14
2021 670 27.67 -92.78
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uppermost boundaries, the Y1 / Y2, Z / Y, and Z1 / Z2 boundaries. The ages of these 
boundaries are taken from Broecker et al. (1988), who performed mass accelerator C-14 
analyses on a core whose planktonic foraminiferal zonation was reported on by Kennett 
et al. (1985). The Y1 /  Y2 boundary is marked by a decrease in the relative abundance 
of Glohorotalia crassaformis. the last consistent occurrence of Q. inflata. and an 
increase in the percentage of Globigerinoides ruber. This boundary coincides with the 
initiation of deglaciation as indicated by the meltwater spike found in Gulf of Mexico 
oxygen isotope curves (Kennett et al., 1985), and was dated at 14,000 yBP. The Z / Y 
(Holocene /  Pleistocene) boundary is defined by the first consistent occurrence of 
Globorotalia menardii. A decrease in the relative abundance of Q. ruber is also 
indicative of this boundary, which is dated at 11,000 yBP. The Z1 / Z2 boundary is 
marked by a large decrease in the relative abundance of O- crassaformis. which is rare in 
the Z2 subzone. It is dated at approximately 5,000 yBP.
As the Kennett and Huddlestun (1972) scheme does not pinpoint the 15,000 yBP 
datum, it was necessary to find faunal criteria for recognizing the datum. We found that 
after about 15,000 yBP (extrapolated from Broecker et al., 1988), the abundances of Q.  
inflata and Q. crassaformis decreased by an average of 50%. Thus, the 15,000 yBP 
datum was defined as the last sample having similar abundances of these species as in 
the samples below it, but higher abundances than in the samples above it.
To analyze the benthic foraminifera, the samples were wet sieved over a 63 pm 
screen, and split to a size containing approximately 300 specimens, which were picked 
and identified. The number of specimens in the splits ranged from 250 to 346. A total 
of 262 species were identified. The data were then analyzed by two separate 
multivariate techniques, a Q-mode cluster analysis and an R-mode factor analysis (for a 
more thorough discussion see chapter 3). The Q-mode (Ward's Minimum Variance) 
cluster analysis (SAS Institute, 1985) used data on 89 species; these occurred in at least
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3 samples, and have a relative abundance of 1% or more in at least one sample (see 
species list, plates). A plot of the semi-partial R-squared values (Fig. 4.2) revealed 4 
significant clusters, and two major subclusters in one of the clusters. The data from 
core 1744 were analyzed separately, using the 46 species that were found in at least two 
samples, with a relative abundance of 1% in at least one sample. Three clusters were 
segregated.
The R-mode factor analysis was done with an initial principal component's analysis 
followed by a varimax rotation (SAS Institute, 1985). This analysis used 56 species, 
that have a relative abundance of 2% or more in at least one sample, or 1% or more in at 
least 3 samples (Table 4.2). Three factors were found to be significant (Fig. 4.3), 
explaining 20%, 11%, and 11 %, of the variance. To directly compare the assemblages 
of the Recent and late Pleistocene, both cluster and factor analyses were performed on a 
combined data set, using the 72 species common to the data sets of both the earlier 
cluster analyses. The factor analysis on this combined data set revealed 6 significant 
factors, explaining a total of 45% of the variance (Fig. 4.4).
In the depth estimation of the late Pleistocene water masses discussed in the 
following sections, we have subtracted 100 m from the present depths of the coring 
sites. This is supplemented by Benyhill's (1987) sea level of -125 m during the 
maximum lowstand, and -90 m at 11,500 yBP, compared to the present day level.
0 1 0  2 0  3 0  4 0  5 0  6 0
Cluster
Fig. 4.2. Plot of semi-partial R-squared values for the cluster analysis of the 61 late 
Pleistocene samples. Arrow denotes the number of significant clusters (4).
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Factors
Fig. 4.3 Plot of eigenvalues for the factor analysis of the 61 late Pleistocene samples. 
Arrow denotes the significant number of factors (3).
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Table 4.2 Factor loadings for the 56 species used in the late Pleistocene factor analysis. 
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Species Factor 1 Factor 2 Factor 3
Factor -2
B. lowmani 0.03368 -0.10945 0.01373
C. subplobosa 0.01275 -0.10828 -0.04311
A- turgida -0.00305 -0.07505 0.02822
T. weaveri -0.01571 -0.07471 -0.00466
P. parvula -0.00882 -0,07257 -0.00847
C. p. bathvalis 0.02931 -0.06864 -0.02538
Q ■ seminulum 0.04146 -0,05640 -0.00311
H  inggularis 
Factor +3
0.01642 -0.03310 0.01475
£ •  Hucllerstorfi -0.01249 0.00992 0.11806
B. spicata 0.03584 0.05027 0.10255
N. decorata -0.00694 0.04603 0.09628
Q. polius -0.02069 -0.03305 0.09593
G. rotundimargo -0.01192 0.03749 0.08271
G. umbonatus 0.02330 -0.05450 0.07440
E. exigua 0.00774 -0.02589 0.06371
G. laevis -0.02206 0.03221 0.06328




G. translucens -0.03151 0.01105 -0.11197
Val. A -0.02535 -0.05283 -0.10505
B. ordinaria 0.00478 -0.02702 -0.09475
P. ariminensis -0.02830 0.02843 -0.09390
L. spinescens -0.02539 -0.01256 -0.09244
L. subsoinescens 0.01695 0.04736 -0.07801
£. £ u m ia 0.04088 0.01978 0.06021
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Factors
Fig. 4.4. Plot of eigenvalues for the factor analysis of the combined Recent + late 
Pleistocene data set. Arrow denotes the significant number of factors (6).
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Late Pleistocene vs. Recent Faunas
Although most of the common species of the Recent Gulf of Mexico were also 
present in the late Pleistocene, there are some notable exceptions. The most significant 
are Bnlimina alazanensis and Osangularia culter. both of which are common (up to 10%) 
in modem SAIW and CMW, but were absent during the last glacial. These species are 
found in most of the world's oceans, except in the Arctic region. In the Caribbean, they 
have been correlated to SAIW (Galluzzo and Sen Gupta, 1990). Their absence from the 
late Pleistocene assemblage suggests that SAIW was not present in the study area, and 
probably not in the entire Gulf at that time. Sagrinopsis dimorpha. a rare species 
associated with SAIW in the Gulf, was also absent from the late Pleistocene samples.
Three species not present in the modem northwestern Gulf, were found in the late 
Pleistocene. The most important of these is Valvulineria sp. A, which is similar in form 
to the Eocene species Y. advena. Valvulineria sp. A was common at most depths in the 
study area during the last glacial, occurring in abundances up to 15%. The other two 
species were relatively rare. Nummoloculina irregularis has been reported from the 
modem northeastern Gulf (Parker, 1954), but has not been found in the northwestern 
Gulf. It was found in most of the late Pleistocene samples, at abundances up to 3%. In 
the Caribbean, E- irregularis is also found in the late Pleistocene but not in the Recent 
(Gaby and Sen Gupta, 1985). The third species, Alliatina A, was found in abundances 
up to 1% in only a few samples. The presence of these species indicate the existence of 
a last-glacial water mass (or masses) that is not extant in the Gulf.
A number of common species show significant differences between their late 
Pleistocene and Recent distributions. Three species abundant in GW, Bolivina 
subaeneriensis mexicana. Uvigerina laevis. and II. parvula. were apparently much less 
common during the last glacial, although this may be due to a lack of samples from the
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100-200 m depth range. Bulimina mexicana. Sphaeroidina bulloidgS. and Uyjggrina 
hispido-costata. common in modem OMW, were less common in the late Pleistocene, 
possibly due to a higher dissolved oxygen content of OMW during the last glacial. Two 
deeper-water species, Bolivina albatrossi and Epistominella exigua. also had lower 
abundances during the late Pleistocene, although both were still essentially ubiquitous.
Four species had much higher abundances during the late Pleistocene. Hansenisca 
regularia. usually found from 100-400 m at low abundances, was more common in the 
same depth range during the last glacial. The other 3 species, Bulimina aculeata. 
Neocrosbvia minuta. and "Valvulineria opima". arc common in intermediate- to deep- 
water. opima" has relative abundances only up to 7% in the Recent, but reached 
26% ing the last-glacial samples, fi. aculeata was much more abundant in the upper 
portions of its depth range, which was shallower than its modem range. Several other 
deep-water species, including Cibicides wuellerstorfi and Gyroidinoides polius, also 
had shallower upper depth limits during the last glacial. These changes in depth ranges 
and abundances of species may have been a response to the incursion of colder waters, a 
larger amount of organic matter in the sediment, or a shift in the water-masses and their 
boundaries.
A cluster analysis and a factor analysis were performed on the combined Recent and 
late Pleistocene data sets to determine if there were any similarities between the 
assemblages. Although we used only those species common at both times, the cluster 
analysis still completely separated the two time-slices, and was of little help in 
paleoceanography. The factor analysis (Fig. 4.5), however, yielded some relevant 
information. A plot of factor 4 with depth (Fig. 4.5a) shows that the positive scores are 
significant almost exclusively in the shallowest portion of the late Pleistocene study area 
(180-350 m). This factor is thus representative of an assemblage not currently found in 
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Fig. 4.5. Plot of the scores for (a) factor 4, (b) factor 5, (c) factor 3, and (d) factor 2 of 
the combined Recent/late Pleistocene factor analysis against water depth (m). Open 
squares are late Pleistocene samples, black circles are Recent samples.
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depths. Factor 5, which has high positive scores in modem CMW samples, is 
significant in shallower depths during the late Pleistocene (Fig 4.5b). This indicates that 
the environment of this assemblage extended to a depth of about 770 m, about 230 m 
above the modem upper limit of 1000 m. Factor 3 correlates with SML (positive 
scores) and OMW (negative scores; Fig. 4.5c). The late Pleistocene scores are similar 
to the Recent values in samples above 550 m, but they are significantly different below 
this depth, suggesting that the assemblage present below glacial OMW was considerably 
different from its modem counterpart Factor 2, like the combined cluster analysis, 
separated most samples from the two time-slices (Fig. 4.5d).
Paleoceanography
Subtropical Underwater (1007-350 m; Fig. 4.6)
Cluster 1 (Fig 4.7) contains 11 samples from 183-371 m. The cluster is divided into 
2 major subclusters, with the separation occurring at about 250 m. The depth plot of the 
scores for factor 1 (Fig. 4.8) shows that all of the samples above 350 m have significant 
positive scores (>1). We can thus infer that both analyses demonstrate a faunal change 
at about 350 m, the location of a water mass boundary. Ten species had significant 
positive loadings (defined as a loading of >.05) on factor 1, with Uvigerina laevis. 
Planulina foveolata. Cibicidoides umbonatus, and Bolivina minima having the highest 
loadings (Table 4.2). Only 3 species had significant negative loadings. These species, 
typified by Bulimina aculeata. were all ubiquitous below 350 m ,. The species with 
positive loadings are all correlated to GW in the modem Gulf (chapter 3), suggesting a 
similarity between GW and the precursor late Pleistocene water mass identified by 
factor 4 of the combined data set.
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Fig. 4.6. Approximate depth ranges of the late Pleistocene water masses in the study 
area. Temperature curve was estimated using surface temperature data from Brunner 
and Cooley (1976), the modem temperature gradient, and the temperature of modem 
Caribbean Midwater for Mediterranean Outflow Water. Abbreviations stand for: SML - 
Surface Mixed Layer, SUW - Subtropical Underwater, OMW - Oxygen Minimum 
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Fig. 4.7. Dendrogram of the cluster analysis of the 61 late Pleistocene samples. The 













Fig. 4.8. Depth plot of the scores for factor 1 of the late Pleistocene factor analysis.
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A water mass known as Subtropical Underwater (SUW) presently exists in the 
eastern Gulf, at about the same depth range as GW in the western Gulf. Apparently 
SUW is found only in areas under the influence of the Loop Current, which presently is 
restricted to the eastern half of the Gulf (Morrison et al, 1983). SUW is typified by a 
secondary oxygen minimum and a salinity maximum (Nowlin and McLellan, 1967; Fig.
4.9). We infer that subcluster la is representative of such a secondary oxygen 
minimum, as it has lower relative abundances of the oxygen-sensitive species 
Alabaminella turpida and Bulimina spicata. and higher abundances of Gavelinopsis 
translucens and Bolivina ordinaria. two species abundant in OMW (Denne and Sen 
Gupta, 1988).
For this water mass to be SUW, the Loop Current has to flow in the northwestern 
Gulf during the last glacial. Rotating tank experiments demonstrate that if volume 
transport and vertical shear in the Yucatan Strait were increased, the Loop Current could 
extend into the northwestern Gulf (Ichiye, 1973). Numerical models using a barotropic 
model with topography demonstrate a circum-gulf flow (Hurlburt and Thompson,
1980), and those using a reduced gravity model with reduced values of Reynold's 
number indicate a steady-state northwestern flow (Hurlburt and Thompson, 1981; Fig.
4.10). Planktonic foraminiferal data from the last glacial are in agreement with a circum- 
Gulf Loop Current (Brunner and Cooley, 1976). The interpreted direction of delta 
outflow, discussed later, also corroborates a circum-gulf Loop Current.
Oxygen Minimum Water (350-570 m)
Cluster 2 contains 18 samples from 366-728 m, with all but 3 from above 570 m. 
The depth plot of the corresponding factor (3) shows that the significant negative scores 
are found within the same approximate depth range (Fig 4.11). Ten species have 
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Fig. 4.9. Oxygen and salinity curves from the eastern Gulf of Mexico (modified from 






Fig. 4.10. Numerical models showing intrusion of the Loop Current (indicated by the 
higher dynamic topographies (m)) into the western Gulf: (a) barotropic model with 
topography (from Hurlburt and Thompson, 1980), and (b) reduced gravity model with 
reduced Reynold's number (from Hurlburt and Thompson, 1981).
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Fig. 4.11. Depth plot of the scores for factor 3 of the late Pleistocene factor analysis.
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Valvulineria sp. A, Bolivina ordinaria. and Planulina ariminensis having the most 
significant values. As these species have their highest modem abundance within OMW 
(except for Valvulineria sp. A, which is not found in the Recent), it is reasonable to 
correlate this water mass to OMW. The factor analysis of the combined data set 
confirms this. As discussed in the previous section, higher abundances of oxygen- 
sensitive species and lower abundances of species most abundant in low-oxygen 
environments suggest that OMW of the last glacial was slightly weaker than modem 
OMW in the Gulf.
North Atlantic Intermediate Water (570-775 m)
Cluster 3 contains 23 samples from 479-830 m, with 19 from below 570 m. This 
cluster has no corresponding factor, although factor 3 shows the assemblage to be 
intermediate between the faunas associated with OMW above and the deep-water below. 
The depth range is typical for an intermediate water-mass, but as discussed earlier, the
between the Recent and late Pleistocene in the combined data set indicate that this water 
mass is not SAIW. Reconstructions of the Arctic polar front area during the last glacial 
reveal that conditions were appropriate for a large increase in the production of North 
Atlantic Intermediate Water (NAIW), which forms in insignificant amounts in the 
modem ocean (McIntyre et al, 1976). Chemical data suggest that NAIW was an 
important component of Caribbean waters during the last glacial (Boyle and Keigwin, 
1986). Thus, it is highly probable that the late Pleistocene water mass under 
consideration was NAIW.
There are 3 possible reasons why no significant factor could be correlated to this 
water mass. The first is dilution. Modem SAIW in the northwestern Gulf is only a 
remnant of the original water mass, with a poorly-defined fauna (chapter 3). It is also
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possible that this water mass has not been produced over a long enough time for an 
assemblage to stabilize. Finally, the properties of the water to which the benthic 
foraminifera are sensitive may not have been significantly different from those of 
neighboring water masses.
Higher than modem abundances of several deep-water species, including Cibicides 
wuellerstorfi and Gvroidinoides polius. indicate that the glacial NAIW of the Gulf was 
as cold or colder than modem SAIW, which ranges from 5-6° (Morrison et al, 1983). 
The high relative abundances of Alabaminella turgida (>20%) and low abundances of 
Bulimina mexicana indicate a relatively high oxygen content. However, this is 
contradicted by several OMW species, Bolivina ordinaria. Cassidulina neocarinata. and 
Gavelinopsis translucens. which have higher abundances in NAIW than in SAIW. The 
present data do not resolve this conflict.
Mediterranean Outflow Water (775 - >1241 m)
Cluster 4 contains 9 samples in the 720-1241 m range. The depth plot of factor 3 
(Fig 4.11) shows that these samples have significant positive scores. Twelve species 
had significant positive loadings on factor 3, with Cibicides wuellerstorfi. Bulimina 
spicata. Nuttalides decorata. and Gvroidinoides polius having the highest loadings. 
These species are all common within modem CMW (chapter 3). Factor 5 of the 
combined data indicates little difference between the Recent and late Pleistocene 
assemblages. However, as there was an increased amount of Mediterranean Outflow 
Water produced during the last glacial (Zahn and Samthein, 1987), which was then able 
to reach the Caribbean (Boyle and Keigwin, 1986; Oppo and Fairbanks, 1987), we have 
tentatively identified this water mass as MOW. As modem MOW and CMW have very 
similar properties, and thus similar assemblages, there is no contradiction in the 
identification of this water mass as MOW.
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Deglaciation
A detailed downcore faunal analysis of core 1744 (726 m; 27.57° N, 94.29° W) 
revealed several significant changes in the environment from the last glacial to the 
present. This core is currently underneath SAIW, and was covered by NAIW during 
the last glacial.
Figure 4.12 shows the relative abundances of 10 species common in core 1744. 
Three significant faunal events are apparent from the abundance variation; the cluster 
analysis reveals two of these (Fig. 4.13). The first event occurs between 325 and 279 
cm, dated at approximately 13,000 yBP by the planktonic foraminifera (Fig. 4.14).
This event is marked by a large increase in the abundances of Bulimina aculeata (4.12c) 
and Gavelinopsis translucens (4.120, a decline of "Valvulineria fipima" (4.12i) and 
Neocrosbvia minuta (4.12g), and the last appearance of Valvulineria sp. A (4.12j).
Just below this are the first occurences of Bulimina alazanensis (4.12d) and Osanpularia 
culter (4.12h).
This faunal change at 13,000 yBP, after the onset of deglaciation (Broecker et al„ 
1988), occurred at about a time of significant water-mass shifts in the deep North 
Atlantic (Schnitker, 1979) and in the intermediate Gulf of Mexico (Joyce and Williams, 
1986). Its likely cause was the shutting off of NAIW production in the North Atlantic 
due to rapidly shifting pack ice configurations and an increase in low-density fresh­
water runoff (McIntyre et al, 1976). Apparently the deglaciation also caused the 
cessation of the production of the high-oxygen bottom water that was present in the deep 
Gulf during the last glacial (Dignes, 1979; Joyce and Williams, 1986). This 
combination may have allowed MOW to temporarily occupy the basin floor, and also 
allowed for the introduction of SAIW into the Gulf, albeit at a deeper position than that
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Fig. 4.12. Downcorc relative abundance variations of 10 species for core 1744 (726
m). Faunal events occur at 300 cm, 200 cm, and 120 cm. Arrow denotes first
appearance. The species are: (a) Bolivina albatrossi. (b) Bolivina ordinaria. (c)
Bulimina aculeata. (dl Bulimina alazanensis. (el Epistominella exigua. (fl Gavelinopsis
translucens. (g) Neocrosbvia minuta. (hi Osangularia culter. (i) "Valvulineria opima”.
and (il Valvulineria so. A.
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Fig. 4.13. Dendrogram for the cluster analysis of the 20 samples for core 1744. 
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Fig. 4.14. Approximate ages and depths (cm) of the planktonic foraminiferal subzones 
for core 1744. Also shown are calculated sedimentation rates for the core (cm / 
thousand years).
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of modem SAIW. This is indicated by the first occurrences of the SAIW species 
Bulimina alaranensis and Qsangularia culter in core 1744 at about the 13,000 yBP 
datum. The low abundances of these species indicate that SAIW was present in the 
Gulf, but was not at the core site. (Joyce and Williams (1986) suggest that SAIW was 
present at 1600 m at that time, 600 m below its present position). During this transition 
period, OMW may have moved down to at least 750 m, as indicated by the high 
abundances of Gavelinopsis translucens in core 1744 at this time.
The second faunal event is recorded between 213 and 198 cm; this coincides with the 
Holocene /  Pleistocene (Z / Y) boundary at 11,000 yBP. The water masses apparently 
moved into their modem configuration at this time, as the SAIW fauna (core 1744) 
became fully developed, although £}. culter was still rare. The event is marked by 
higher abundances of Bolivina ordinaria (4.12b), Bulimina alazanensis (4.12d), and 
Epistominella exieua (4.12e), and lower abundances of Gavelinopsis translucens 
(4,12f). (Joyce and Williams (1986) report that modem conditions are first found at 
roughly the same time at 1600 m).
The final faunal event is recorded between 122 and 107 cm and occurred at about 
4,500 yBP. It is marked by an increase in the abundance of Bolivina albatrossi (4.12a), 
and a near disappearance of Bulimina aculeata (4.12c), dropping from 15% to less than 
1%. Above this, at 50 cm. O. culter (4.12hl becomes common. As this 
biostratigraphic boundary coincides with sea-level highstand that was followed by an 
increase in sedimentation, it is possible that it is related to a substrate property, most 
likely a change in the organic matter content.
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Late Pleistocene Deltas
Several studies in the Gulf of Mexico have shown that foraminiferal assemblages 
from the shelf and upper slope proximal to the Mississippi River Delta are significantly 
different from distal assemblages (Parker, 1954; Pflum and Frerichs, 1976; chapter 3). 
At present there is some controversy over the position of the Mississippi River Delta 
during the last glacial. Suter and Benyhill (1985), on the basis of seismic reflection 
data, place it south of Vermilion Bay, between 92 and 93° W. However, Coleman et al. 
(1983) and Goodwin and Prior (1989) have shown that the Mississippi Canyon (90°
W) began to fill at 19,000 yBP, continuing until 7,500 yBP. Although these locations 
are within the range of the Holocene delta lobes, shelf-margin deltas are much less likely 
to shift such large distances, as more of the sediment is carried away from the delta and 
onto the slope.
The cluster analysis did not segregate a deltaic environment, but the factor analysis 
did. Factor 2 has 10 species with significant positive loadings, with Valvulineria 
mexicana. Bolivina alata. Rutherfordoides mexicanus. and Bulimina mexicana having 
the highest values. These species are all associated with either the modem deltaic 
environment or low-oxygen environments (chapter 3). The 9 species with high negative 
loadings, typified bv Bolivina lowmani and Cassidulina subglobosa. are common 
throughout the study area.
We failed to determine the exact location of the Mississippi River Delta at 15,000 
yBP, because upper bathyal cores from east of 91° W, all with thick Holocene strata, 
did not reach this datum. However, cores in the vicinity of Suter and Berryhill's (1985) 
delta did reach this datum. Factor 2 is most highly developed off the easternmost lobe 
of the delta and then eastward from there (Fig. 4.15). The high factor gradient 
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Fig. 4.15. Plot of the positive factor scores for factor 2, showing highly significant 
values are just east of Suter and Berryhili’s (1985) Mississippi River Delta.
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freshwater plume flowing to the east, opposite to the modem direction of flow. If the 
Loop Current was in the northwestern Gulf (as discussed earlier), this eastward flow 
would be possible. Our present data are not adequate to settle the question if this delta 
was part of the Mississippi River system, or was connected to a different river that 
carried a large amount of nutrients.
Pflum and Frerichs (1976) speculated that the "delta effect" would be stronger during 
glacial periods, as the outflow would be dumped directly onto the slope. As shown in 
chapter 3, this effect is a result of high productivity within the plume, causing a large 
increase in the amount of organic matter and a strong oxygen minimum in waters above 
the normal oxygen minimum. Therefore, the position of the delta with respect to the 
shelf edge may make little difference. We did not examine cores from the strongest 
portion of the delta oxygen minimum (<400 m), but the late Pleistocene assemblages 
from waters below this level show no significant difference from the modem delta 
assemblage of similar depths.
Summary and Conclusions
1. Using a modification of Kennett and Huddlestun's (1972) planktonic foraminiferal 
zonation scheme, we identified a time-plane at approximately 15,000 yBP, prior to 
deglaciation. This datum was recognized in 61 cores from the northwestern Gulf of 
Mexico. The benthic foraminiferal data were analyzed by methods identical to those used 
in distribution studies of modem species.
2. The absence of indicator species Bulimina alazanensis and Qsanpularia culter 
suggests that Subantarctic Intermediate Water (SAIW) was not present in the Gulf of 
Mexico during last glacial. On the other hand, the occurrence of several species not
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currently found in the Gulf indicates the presence of a water mass that has disappeared 
from the Gulf. Factor analysis of a combined Recent /  late Pleistocene data set supports 
this conclusion.
3. A cluster analysis of the late Pleistocene data segregated 4 assemblages; these 
represent depth zones of approximately 183-350 m, 350-570 m, 570-775 m, and 775- 
1241 m.
4. Factor analysis of the data yielded similar results as the cluster analysis, although the 
assemblage between 570-775 m could not be correlated to a specific factor. The factor 
analysis also separated a delta assemblage.
5. On the basis of both multivariate analyses, the assemblages were correlated to water 
masses. The Subtropical Underwater (SUW) was present above 350 m, Oxygen 
Minimum Water (OMW) from 350 to 570 m, North Atlantic Intermediate Water (NAIW) 
from 570 to 775 m, and Mediterranean Outflow Water (MOW) from 775 to at least 1241 
m .
6. Data from core 1744 (726 m) show three faunal events. At 13,000 yBP NAIW was 
shut off from the Gulf, allowing SAIW to enter, although at a lower depth range than in 
the modem Gulf. This may have also caused OMW to move downward. By 11,000 
yBP the water masses in the Gulf had moved to their modem positions. The fauna 
suggest a change at 4,500 yBP in either the amount or type of organic matter in the 
sediments.
11 5
7. The faunal data tentatively suggest that a major delta was present at 92° W, with the 
outflow going eastward. This may have been caused by a Loop Current flowing in the 
study area; the presence of this current would agree with the existence of a late 
Pleistocene SUW in the study area.
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Species List




Bolivina albatrossi Cushman 
Bolivina lowmani Phleger and Parker 
Bolivina minima Phleger and Parker 
Bolivina ordinaria Phleger and Parker 
Bolivina subaeneriensis mexicana Cushman 
Bolivina translucens Phleger and Parker 
Bulimina aculeata d'Orbigny 
Bulimina marginata d'Orbigny 
Bulimina mexicana Cushman 
Bulimina spicata Phleger and Parker 
Buliminella eleeantissima Cushman 
Cassidulina carinata d'Orbigny 
Cassidulina crassa d'Orbigny 
Cassidulina curvata Phleger and Parker 
Cassidulina neocarinata Thalmann 
Cassidulina norcrossi australis Phleger and Parker 
Cassidulina subglobosa Brady 
Cibicidgs bantamensis LeRoy 
Cibicides wuellerstorfi (Schwager)
Cibicidoides incrassatus (Fichtel and Moll)
Cibicidoides pachvdennus bathvalis Poag 
Cibicidoides rpbCTtSOnianuS (Brady)
Cibicidoides umbonatus (Phleger and Parker) 
Comuloculina inconstans (Brady)




Epistominella vitrea Parker 
Fissurina alatifundata McCulloch 
Fissurina bifida (Heron-Allen and Earland)
Fissurina radiata Seguenza
Gavelinopsis translucens (Phleger and Parker)
Globobulimina affinis (d'Orbigny)
Gvroidinoides altiformis (Stewart and Stewart) 
Gvroidinoides laevis (d'Orbigny)
Gvroidinoides polius (Phleger and Parker) 
Gvroidinoides cf. rotundimargo (Stewart and Stewart) 
Gvroidinoides umbonatus (Silvestri)
Hansenicsca regularia (Phleger and Parker)
Lagena laevis (Montagu)
Lagena mexicana Andersen 
Laterostomella soinescens (Cushman)
Laterostomella subspinescens (Cushman) 
Martinottiella communis (d'Orbigny)
Neocrosbvia minuta (Parker)
Neolenticulina peregrina (Schwager) 
Nummoloculina irregularis (d'Orbigny) 
Nuttalides decorata (Phleger and Parker) 
Qridorsalis tener (Brady)
Osanpularia rugosa (Phleger and Parker) 
Parafissurina lateralis (Cushman)
Paumotua cf. terebra (Cushman)
Planulina ariminensis d'Orbigny 
Planulina foveolata (Brady)






Ouadrimorphina laevigata (Phleger and Parker) 
Ouinoueloculina geminulum (Linng) 
Ouinaueloculina venusta Karrer 
Rotorbinella basilica Bandy 
Rutherfordoides mexicanus (Cushman) 
Rutherfordoides tenuis (Phleger and Parker) 
Seabroolda earlandi (Wright)
Sigmoilinita distorta (Phleger and Parker) 
Sigmoilinita elliptica (Galloway and Wissler) 
Sigmoilopsis schlumberperi (Silvestri) 
Sphaeroidina bulloides d'Orbigny
Stainfpflhia complanaia (Egger) 
Textularia candeiana d'Orbigny 
Textularia mexicana Cushman 
Tosaia weaveri Seiglie and Bermuddz 
TrilPCUlina trisonula (Lamarck) 
Uvigerina laevis Goes 
Uvigerina parvula Cushman 
UviBgrina peregrina Cushman 




The Use of Benthic Foraminiferal Species Presence / Absence 




An R-mode factor analysis of presence /  absence data of 157 species of benthic 
foraminifera from 288 core tops (88 - 95° W; 58 - 1361 m) and 61 samples dated at
15,000 yBP (90.4 - 95°; 283 - 1341 m) from the northwestern Gulf of Mexico showed 
a close correlation between multivariate assemblages and water masses. The factor 
analysis differentiated the Recent assemblages found within the Surface Mixed Layer 
(SML), Gulf Water (GW), Oxygen Minimum Water (OMW), Subantarctic Intermediate 
Water (SAIW), and Caribbean Midwater (CMW). It was also able to segregate the 
assemblages associated with the Mississippi River Delta outflow area and the carbonate 
bank environment. The results of the factor analysis of late Pleistocene presence / 
absence data were nearly identical to those obtained from species-frequency data. This 
analysis differentiates assemblages from underneath late Pleistocene Subtropical 
Underwater (SUW), Oxygen Minimum Water, and Mediterranean Outflow Water 
(MOW), as well as the delta assemblage. However, as with a species-frequency factor 
analysis, the assemblage related to North Atlantic Intermediate Watter (NAIW), 
identified by a species-frequency cluster analysis, was not segregated.
Although presence / absence data appears to be adequate for delineating water 
masses, it is not as useful as species-frequency data for interpreting the nature of the 
water masses. A factor analysis of the combined Recent + late Pleistocene data sets did 
not distinguish the different water masses of the two time periods.
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Introduction
The use of benthic foraminifera in studies of the paleoceanography of abyssal waters 
has now become commonplace, after the idea was introduced in the early 1970's 
(Streeter, 1973; Schnitker, 1974). The relationship between water masses and benthic 
foraminifera has also been demonstrated in bathyal waters (chapters 3-4). Most, if not 
all, previous studies of this relationship have utilized species-frequency (quantitative) 
data. Unfortunately, many of the samples used in foraminiferal studies, especially well 
cuttings, do not lend themselves to quantitative studies, and only presence / absence data 
are usually obtained Well cuttings are from large intervals, usually 9 m, and contain an 
unknown admixture of material from younger intervals. However, they have still 
proved quite useful for paleoenvironmental interpretations, primarily paleobathymetry.
Is it not possible that presence / absence data, such as that obtained from well cuttings, 
could also be used for paleoceanographic interpretations?
Multivariate analyses of species presence / absence data have been used in a number 
of studies related to the nature of the environment. Buzas (1972) used canonical variate 
ananlysis to show that assemblages based on species-frequency and presence /  absence 
data from the Texas coast were the same. Kafescioglu (1973) was able to divide the 
Massachusetts shelf into 3 different biotopes using a cluster analysis with several 
different binary coefficients. Sen Gupta and Hayes (1979) used recurrent group 
analysis on data from the Georgia shelf and the Grand Banks, and found that several of 
the groups correlated to water depth or sediment type, Arnold (1983) found 3 
thanatotopes between 45-400 m using an Orloci cluster analsysis on data from the 
Georgia-South Carolina upper slope. These thanatotopes were mostly related to 
sediment type.
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Culver and Buzas (1980) compiled all available published reports on the distribution 
of benthic foraminifera from off the North American Atlantic continental margin. A 
cluster analysis of the presence / absence data using the Jaccard coefficient revealed 7 
biogeographic provinces, 6 of which were related to water masses (Culver and Buzas, 
1981). Of these 6,3 were from the shelf. As described by the authors, there is only 
one water mass on the slope, identified as the slope water, making a correlation of the 
slope province to this water mass relatively straightforward. However, this is not the 
case in the Gulf of Mexico, where there are 4 water masses between 100-1500 m.
When the same methods used in the Atlantic margin study were applied to data from the 
Gulf, only one province in these depths was identified (Culver and Buzas, 1983a).
Most recently, Hiltermann (1987) performed a Braun-Blanquet analysis on presence / 
absence data from Pflum and Frerichs (1976) study of the deep-water Gulf of Mexico.
A total of 8 biocoenoses were segregated, most of which were related to water 
temperature. It is notable, however, that some of these biocoenoses had their 
boundaries near water mass boundaries.
These previous studies point to the possibility of using presence / absence data, but 
except for the Atlantic margin study (Culver and Buzas, 1981), none demonstrate a 
good correlation between water masses and presence / absence assemblages. The large 
number of samples available from the Gulf of Mexico and the wealth of oceanographic 
data on intermediate waters make it an ideal site to test if it is possible to directly 
correlate presence /  absence data to water masses. We also have a late Pleistocene data 
set (chapter 4), enabling us to make paleoceanographic interpretations and then compare 
them to those obtained with species-frequency data.
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Oceanography and Paleoceanography
Six water masses are found in the northwestern Gulf of Mexico (Fig. 3.4). The 
Surface Mixed Layer (SML) (0 -100 m) is vertically mixed, and has large seasonal 
variations in temperature and salinity. Below SML is Gulf Water (GW) (100 -250 m), 
which is formed in the Gulf of Mexico in the vicinity of the Loop Current (Morrison et 
al., 1983). Underlying GW is Oxygen Minimum Water (250 - 650 m), characterized by 
a dissolved oxygen content between 2.9 to 2.5 ml /1 (Nowlin, 1971).
Subantarctic Intermediate Water (SAIW) (650 -1000 m) in the Gulf is only a 
remnant of the original water mass, but it still contains the salinity minimum (34.88 %o) 
and the nitrate and phosphate maxima (Morrison et al., 1983). SAIW is underlain by 
Caribbean Midwater (CMW) (1000 -1500 m), a slightly altered version of upper North 
Atlantic Deep Water (NADW). CMW has a high silicate content, ranging from 24 - 28 
HM (Morrison et al., 1983). The basin floor is covered by Gulf Water (GW) (1500 - 
3660 m), which has the coldest temperature (< 4° C) and the highest dissolved content 
(5 ml /1) of any water mass in the Gulf (Nowlin, 1971). See Nowlin (1971), Morrison 
et al. (1983), or chapter 3 for a more thorough discussion of Gulf of Mexico 
oceanography.
Multivariate analyses of late Pleistocene species-frequency data revealed the presence 
of 4 water masses in the study area during the last glacial (chapter 4) (Fig. 4.7). 
Subtropical Underwater (SUW) was found above 350 m (in approximated late 
Pleistocene water depths). SUW is currently found in the eastern Gulf underneath the 
Loop Current, and contains a characteristic secondary oxygen minimum, which was 
also found in the late Pleistocene. OMW was found from 350 - 570 m. Below that was 
North Atlantic Intermediate Water (NAIW), taking the place of SAIW. This water mass
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was found from 570 - 775 m. Meditteranean Outflow Water (MOW) underlie NAIW, 
from 775 m to at least 1250 m. MOW is a primary component of modem upper 
NADW, and was believed to have played a much larger role during the late Pleistocene 
(Oppo and Fairbanks, 1987). Its characteristics are essentially the same as those of 
CMW.
The outflow of major rivers also has a large effect on the oceanography in the vicinity 
of their deltas. This is primarily due to the high productivity found there, which is 
responsible for much lower oxygen concentrations and much higher organic matter 
content (chapter 3). This was also true for the late Pleistocene, when a major delta was 
present on the shelf margin in the study area, at about 92° W (chapter 4).
Material and Methods
This study utilized 288 gravity cores taken by Exxon Company, U. S. A. in 1985. 
These cores are from the Louisiana - Texas shelf and slope (88 - 95° W; 58 - 1361; Fig. 
5.1). The uppermost 5 cm was sampled from each core, which was then washed over a 
63 |im sieve. Each sample was checked for the presence of 157 species, most of which 
were known to be environmentally significant (see species list, plates). A few species, 
however, were studied to gain further information on their distributions. Where 
possible, approximately the same amount of sediment was used for each analysis.
The late Pleistocene study used the same 61 samples utilized in the species-frequency 
study (chapter 4). These samples are from those cores which reached the 15,000 yBP 
datum (90.4 - 95° W; 283 - 1341 m; Fig. 4.2). This datum was identified using a 
modification of Kennett and Huddlestun's (1972) planktonic foraminiferal zonation. It 
was defined as the point above which the abundances of Globorotalia inflata and 








Fig. 5.1. Map of northwestern Gulf of Mexico, with locations of the 288 cotes used in 
the Recent presence / absence study.
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An R-mode factor analysis, identical to those used in the species-frequency studies 
(chapters 3,4), was performed directly on the presence /  absence data, using theprogram 
SAS (SAS Institute, 1985). This factor analysis is composed of a principal 
component's analysis followed by a varimax rotation. As unit distances yield the best 
results for this analysis, presence / absence data should work satisfactorily. As one of 
the requirements for factor analysis is that there be less variables (species) than samples, 
only 60 species were used in the late Pleistocene analysis. The species not used were 
those that were either nearly ubiquitous or very rare in the samples. For both analyses, 
the number of significant factors was determined to be the number below which the plot 
of the eigenvalues flattened out (Fig. 5.2).
To facilitate the late Pleistocene interpretations, all water depths given below will be 
in approximate late Pleistocene depths, estimated to be about 100 m lower than modem 
sea level (see chapter 4).
Results
Recent
The R-mode factor analysis of the Recent data revealed 6 significant factors, which 
explained 50% of the variance. Due to the large number of species, and the nature of the 
data, few species were significantly loaded on only one factor (Table 5.1). In those 
cases where only one factor was significant, it is likely that that species is consistently 
found only in the assemblage correlated to that factor. Only these species will be noted 
below.
Factor 1 accounted for 17% of the variance. A plot of the factor scores against depth 




2 0 01 0 00
a
Fig. 5.2. Scree plots of the eigenvalues for (a) Recent factor analysis, and (b) late 
Pleistocene factor analysis. Arrow denotes the significant number of factors.
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Table 5.1. Factor loadings for the 157 species used in the Recent factor analysis, with 
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Fac. 1 Fac. 2 Fac. 3 Fac. 4 Fac. 5 Fac. 6
-0.01738 0.00216 0.03308 0.00039 0.01028 0.02851
-0.01774 0.00447 0.01570 0.01662 0.00399 0.01748
-0.01935 0.00858 0.02425 0.01129 0.04367 0.02760
-0.02039 0.00440 0.01444 0.01034 0.04510 0.02027
-0.02160 -0.01110 -0.05252 0.01415 0.00875 0.04602
-0.02395 0.00244 0.03251 0.01009 0.02677 0.00961
-0.02417 -0.00315 -0.02222 0.01511 0.00547 0.04263
-0.02478 0.00224 -0.01445 0.02029 0.02657 0.04835
-0.02503 0.00642 0.04383 0.01827 -0.02337 0.02569
-0.02570 -0.00338 0.01871 0.00711 0.00262 0.00790
-0.02655 -0.00383 -0.03293 0.01769 0.01288 0.05120
-0.02721 0.00142 0.02229 0.01540 -0.00700 0.03391
-0.02977 0.00514 0.02098 0.01585 0.01838 0.02935
-0.03114 0.00271 0.03491 0.02123 -0.02655 0.03777
-0.03180 0.00186 0.01463 0.01919 0.00407 0.02980
-0.03220 0.00396 0.03013 0.02063 -0.00968 0.02801
-0.01108 0.05287 0.02378 -0.02617 0.01259 0.05866
-0.01749 0.04886 0.02997 -0.00920 0.01203 -0.01204
-0.01818 0.04456 0.03156 0.02989 0.00624 0.03001
-0.02029 0.04366 0.02196 0.02705 -0.00145 -0.00429
-0.00718 0.04299 0.01800 -0.01900 -0.00092 0.02386
-0.00890 0.04275 0.01062 -0.01413 0.00700 0.00731
-0.01136 0.04261 0.01358 -0.00670 -0.00868 0.03341
-0.02300 0.03713 0.03481 0.03031 0.00068 -0.00332
-0.01149 0.03465 0.03224 0.01043 0.00850 0.01539
0.00241 0.03413 0.00862 -0.01536 0.00829 0.06390
0.00109 0.03389 0.00617 0.00565 0.01083 0.03859
-0.00333 0.03334 0.01456 -0.00179 0.01483 0.00440
-0.00824 0.03282 0.01652 0.02140 0.01475 0.02682
0.00154 0.03207 0.01267 0.02278 0.02193 0.02526
0.00861 0.03073 0.02087 -0.00317 0.02872 0.01496
0.00240 0.03039 -0.00375 -0.00051 -0.00214 0.06294
-0.00690 0.03003 0.00627 -0.00888 -0.00517 0.00306
-0.01583 0.02987 0.01344 0.00835 -0.01357 0.00410
-0.00700 0.02974 -0.00906 -0.03746 -0.04562 0.04073
-0.00983 0.02762 -0.01013 -0.02497 -0.03906 0.06140
0.00874 0.02599 0.00630 -0.01544 0.02105 0.04217
0.00325 0.02403 -0.00319 0.01925 0.00389 0.01465
0.01081 0.02293 -0.00572 0.01068 0.01786 0.02341
-0.00659 0.01909 0.00050 0.00483 -0.05848 0.05325
-0.00790 0.01712 0.01013 0.00445 0.00047 0.01611
0.01075 0.01622 -0.01446 0.00851 -0.00233 0.02315
-0.00149 0.01008 -0.03674 -0.02642 -0.07645 0.02372
-0.00451 -0.00821 0.00537 0.01013 0.02544 0.06586
0.02060 -0.01012 0.02295 -0.00593 0.03297 0.01893
-0.01235 -0.01094 0.02208 -0.00811 0.01396 -0.01008
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Table 5.1
Species Fac. 1 Fac. 2
K. bradvi 0.01441 -0.01186
G. translucens -0.01301 -0.01351
B. translucens -0.00528 -0.01371
£2. tener 0.02595 -0.01652
G. incrassatus 0.02947 -0.01734
K. bradvi 0.01160 -0.01763
£ .  mexicana -0.00330 -0.02010
Q. affinis -0.00196 -0.02435
C. neocarinata -0.00194 -0.02626
R. mexicanus 0,00732 -0.02709
B. spicata 0.01543 -0.02761
H. elegans 0.02747 -0.03197
C. oolina -0.00298 -0.03363
&  altifonnis 0.00970 -0.03762
B. albatrossi 0.00983 -0.04033
C. p. bathvalis 0.02594 -0.04112
B. ordinaria 0.01114 -0.04270
S. bulloides 0.01500 -0.04408
Factor +3
S. bradvana -0.01299 0.03160
O. stellatus -0.02774 0.04995
P. ariminensis -0.01988 0.01211
A. hispida -0.00533 0.00825
U. hispidocostata 0.01058 -0.00201
£. crassa 0.02182 -0.00170
E. trigona 0.01659 0.00406
C. bantamensis -0.02573 0.01150
T. bradvi -0.01860 0.01486
C. n. australis 0.01760 0.00521
L.spinescens -0.00035 0103371
M- flccidemalis 0.01338 -0.00622
G. neosoldanii -0.00168 0.00495
A. useudothalman -0.01238 0.01287
P. murrhina 0.00666 0.00294
£. serrata -0.00564 0.00414
A. .iamaicensis -0.01094 0.00802
Factor -3
U. auberiana 0.00452 -0.00795
C. wuellerstorfi 0.00381 -0.01478
Factor +4
P. meditteranensi -0.01710 0.00703
T. conica -0.02736 -0.00181
£1. cassis -0.02290 -0.00393
W. auriculata -0.02323 -0.00253
A -a b b a sa -0.01082 -0.00690
T. bairetti -0.01080 -0.01620
A. compressus -0.02429 0.00099
P. atlantica -0.02338 -0.00262
Fac. 3 Fac. 4 Fac. 5 Fac. 6
0.03764 0.02141 0.04521 0.01925
0.02289 -0.00860 0.01131 0.00434
0.01728 0.01257 -0.04147 0.04876
0.03109 -0.02282 0.02042 -0.01412
0.00821 0.00998 0.07323 -0.00423
-0.01481 -0.00502 -0.01868 0.00741
0.02360 -0.00466 -0.04473 0.00044
-0.03012 0.01593 -0.03595 0.05266
0.00036 0.04160 -0.07255 0.02972
0.00466 0.00494 -0.04898 0.02247
-0.02445 -0.00718 -0.00227 0.06125
-0.03526 -0.00632 0.00973 0.02571
-0.03667 -0.00709 -0.06965 0.05210
-0.00886 -0.01225 -0.01205 -0.00597
-0.00718 0.00622 -0.00342 0.00270
-0.02240 -0.01577 0.01939 0.02062
-0.02811 0.01478 -0.01883 0.02933
-0.02986 0.02443 -0.02121 0.02407
0.11088 0.01396 0.01289 0.01012
0.09058 0.02022 -0.01069 0.07125
0.08248 0.01110 -0.01066 -0.00221
0.08185 -0.00026 0.01088 -0.02103
0.07853 -0.01804 0.00309 -0.04209
0.07659 0.00239 0.04521 -0.02344
0.07546 -0.01743 0,03729 -0.04812
0.06504 0.01917 -0.01742 -0.00174
0.06255 0.00757 0.02599 0.01432
0.05998 -0.02209 0.00358 0.00574
0.05804 -0.00137 0.04844 0.06110
0.05560 0.00572 0.03425 -0.01670
0.04509 -0.00103 0.00854 0.00138
0.04219 0.00673 0.01974 0.02086
0.03642 -0.00385 0.04203 0.00566
0.02806 0.00137 -0.02241 0.01544
0.01924 0.01119 -0.01227 0.02954
-0.03343 -0.01367 0.03634 0.01121
-0.05298 -0.01713 0.06080 0.00660
0.00683 0.93740 -0.01517 -0.00625
0.01045 0.12236 -0.04528 0.01542
0.00869 0.12127 -0.03388 -0.00249
0.00524 0.11937 -0.03624 0.03099
0.00613 0.11212 -0.01484 0.00623
-0.00662 0.10805 -0,02258 -0.02447
0.00954 0.10698 -0.03362 0.02448
0.00907 0.10653 -0.04121 0.02283
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-0.01842 -0.00890 -0.00102 0.09674 -0.03168 -0.02905
0.00513 -0.00921 0.00061 0.07397 0.00580 0.02373
0.01610 -0.01016 -0.01755 0.05650 0.02654 0.00094
I. tumidula 0.03152 -0.00308 -0.00920 -0.05352 0.13189 -0.04666
N. decorata 0.02853 -0.00344 -0.01433 -0.04925 0.12565 -0.03439
]£. pusilla 0.02414 -0.00006 -0.00086 0.04062 0.10122 -0.03523




0.00608 0.00052 -0.00326 -0.02186 0.08160 -0.00346
0.00731 0.00718 0.01965 -0.02277 0.07025 -0.00573
0.00115 0.00821 0.01590 0.02886 0.05553 0.05535
E- prcpinaua 
Factor -5
0.00425 0.00206 -0.00645 -0.01338 0.04975 0.00785
B. alata 0.00070 -0.03345 -0.03393 -0.02360 -0.09378 -0.04469
V. mexicana 0.00124 -0.03771 -0.07044 -0.03244 -0.13828 -0.02173
Q. ovula 
Factor +6
0.00516 -0.04717 -0.08810 -0.03221 -0.14127 -0.03090
A. turgid a -0.01319 0.03282 0.00642 0.01082 -0.00245 0.15006
B. lowmani -0.01203 0.01743 -0.01171 -0.00350 -0.03212 0.11771
P. mollis -0.00835 0.00881 0.00012 -0.01910 -0.03863 0.10360
N. nereerina -0.00072 -0.00226 0.00126 -0.00975 -0.01148 0.09119
G. umbonatus 0.00687 -0.00080 0.00543 0.01217 0.00140 0.08684
U. Dereprina 0.00389 -0.01535 -0.01429 0.01827 -0.01706 0.07692
N. minuta 0.00743 0.01442 0.02136 -0.04323 0.00612 0.07327
C. subplobosa -0.00127 0.01146 0.00163 0.00421 0.01282 0.06880
O. hexaeona 
Factor-6
0.00477 0.00101 0.00879 0.01813 0.01100 0.03954
P. exoma -0.00921 0.00508 0.01889 0.04785 0.01031 -0.08005
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m, the depth range of GW. The species with the highest loadings are Planulina 
foveolata and Textularia mexicana. The significant negative scores are generally within 
SAIW. Bulimina alazanensis and Laticarinina pauperata had the most significant 
negative loadings, although neither were particularly strong.
Factor 2 explained 16% of the variance. The depth plot of the factor scores (Fig.
5.4) reveals a strong correlation of the positive values to SML. Lenticulina iota had the 
highest loading. The negative scores were generally not significant, and apparently 
correlated to those species found exclusively below 100 m.
Factor 3 explained 6% of the variance. The significant positive scores are restricted 
to the depth range covered by OMW (Fig. 5.5). Siphonina bradvana had the highest 
factor loading. The negative scores show a much wider depth distribution, being 
significant mostly between 150 - 400 m and below 1000 m. The shallower samples all 
come from the vicinity of the Mississippi River Delta.
Factor 4 accounted for 5% of the variance. The depth plot of the scores shows the 
significant positive values to be between 100 - 200 m (Fig. 5.6) All of the samples with 
significant positive scores were taken in the vicinity of carbonate banks, generally found 
atop salt domes, and are usually Pleistocene in age. A number of species, including 
Nodobaculerielia cassis. Textularia conica. Wiesnerella auriculata. Amphistegina 
gibbosa. Textulariella banretti. Archaias compressus. and Pavonina flllantica were found 
only on these banks, and so have very high factor loadings.
Factor 5 explained 3% of the variance. The depth plot shows that the significant 
positive scores are mostly within NADW (Fig. 5.7). As the species with high loadings 
are all deep-water species, we can clearly correlate this factor to the NADW assemblage. 
Those species with high loadings include Ioanella tumidula. Nuttalides decorata. and 
Bolivina pusilla. The significant negative scores are found within a wide depth range, 
but when plotted against longitude (Fig. 5.8), a correlation to the Mississippi Delta
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Fig. 5.5. Plot of scores of factor 3 (Recent) against water depth (m).
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Fig. 5.7.. Plot of scores of factor 5 (Recent) against water depth (m).
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Fig. 5.8. Plot of scores of factor 5 (Recent) against longitude.
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(88.5° W) becomes obvious. This also explains those deep-water samples which do 
not have significant positive scores, as they are from the delta area.
Factor 6 also explained 3% of the variance. The depth plot shows little trend with 
depth for either the positive or negative scores (Fig. 5.9). As those species with high 
positive loadings are all essentially ubiquitous, and those with negative loadings are 
rare, the lack of a trend is not unreasonable. The species with high positive loadings 
included Alabaminella tmgida, Bolivina lowmani. and Procerolaeena mollis, while 
Planulin exoma had the most significant negative loading.
Pleistocene
The factor analysis of the late Pleistocene data found 4 significant factors, explaining 
58% of the variance. As there were fewer factors and species, the loadings were 
generally higher for each of the species (Table 5.2). For this portion of the study, the 
results were directly compared to those of the species-frequency study (chapter 4).
Factor 1 accounted for 28% of the variance. The depth plot of the factor scores 
shows all of the significant positive scores within what is interpreted to be SUW (Fig. 
5.10). This plot is nearly identical to that of factor 1 of the species-frequency study 
(Fig. 4.9). Gaudrvina atlantica had the highest factor loading. The negative loadings 
apparently correlate to those species that were found only below 350 m.
Factor 2 explained 19% of the variance. The depth plot reveals that the significant 
positive scores are found within the depth range of OMW (Fig. 5.11). Uvigerina 
hispido-costata had the highest loading. The negative scores are mostly significant 
belwo 700 m, and so can be correlated to the MOW assemblage. The species with the 
most significant negative loadings were Cibicides wuellerstorfi and Gvroidinoides 
polius. both of which are deep-water species. Factor 2 is very similar to factor 3 of the 
species-frequency study (Fig. 4.12), although the signs are reversed.
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Fig. 5,9. Plot of scores of factor 6 (Recent) against water depth (m).
Table 5.2. Factor loadings for the 60 species used in late Pleistocene factor analysis,
with species arranged by factor assemblages.
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Fig. S. 12. Plot of scores of factor 3 (late Pleistocene) against approximated water depth 
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Factor 3 explained 6%  of the variance. The depth plot shows little trend with depth 
(Fig. 5.12). However, when the scores are plotted on a map of the late Pleistocene Gulf 
(Fig. 5.13), the most significant positive scores are just east of Suter and Berryhill's 
(1985) Mississippi Delta, much like factor 2 of the species-frequency study (Fig. 4.16). 
As discussed in chapter 4, this delta may not correspond to the Mississippi River, but it 
does appear to have a large amount of outflow. Several species, including Bolivina alata 
and Valvulineria mexicana. had very high positive loadings. The assemblage 
corresponding to the negative loadings are apparently those species not found near the 
delta.
Factor 4 accounted for 5%  of the variance. Like factor 6 of the Recent presence / 
absence study, it shows no trend with depth (Fig. 5.14), because it divides the 
assemblage into ubiquitious and rare species. The ubiquitous species, including 
Bulimina aculeata and Pvrgo murrhina. had high positive loadings. Rare species, like 
Nonionella opima. had negative loadings.
Discussion
As demonstrated by factor analyses of both the Recent and late Pleistocene data, 
presence / absence data can be used to segregate benthic foraminiferal assemblages 
associated with water masses or other major oceanographic features. The boundaries 
between these assemblages matched very closely with the boundaries of their 
corresponding water masses, and so the analysis of the presence / absence data was 
successful at pinpointing major water mass boundaries. This was the case even when 
only 60 species were used for the late Pleistocene data set. However, the deeper-water 
boundaries are much more difficult to pick out. This was especially true for the
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Fig. 5.14. Plot of scores of factor 4 (late Pleistocene) against approximated water depth 
(m).
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boundary between NAIW and MOW, as there was no factor associated with the 
NAIW assemblage. This was also the problem for the species-frequency study.
We must still ask the question: how are the multivariate analyses of presence / 
absence data able to delineate the water masses if so few species are restricted to only 
one environment? The most plausible reason is that many species have their upper or 
lower depth limits near water mass boundaries, especially in the shallower water 
masses. An example is the large number of species which have upper depth limits at 
100 m (SML / GW) in the Gulf (Culver and Buzas, 1983b). The consistency of a 
species' occurrence may also play a large role, as most species can be found in several 
different water masses, but consistently occur in only one of them. The former reason 
is probably why the deep-water masses are harder to distinguish, as much fewer species 
have their upper depth limits in deep water.
Although presence / absence data appear to be adequate for determining water mass 
boundaries, it is much more difficult to determine the nature of the water masses with 
this type of data. The best way to do this may be to perform a factor analysis on a 
combined Recent + ancient data set. We did this with our presence /  absence data, using 
all 157 species and the same methods described above. Six factors were found to be 
significant (Fig. 5.15). Factors 1,4, and 6 were of little help, as they correlated to the 
assemblages found within SML, the carbonate banks, and those assemblages containing 
rare species, respectively. Factor 2 shows that the late Pleistocene assemblage found 
between 180 - 350 m (interpreted to be the SUW assemblage) is very similar to the 
assemblages found at those depths today. Factor 3 shows that the OMW assemblages 
are fairly similar, although the late Pleistocene assemblage appears to be less developed. 
This factor also indicates a close similarity between the OMW and MOW assemblages. 
Factor 5, however, shows a nearly complete separation between the two time planes,
151
Fig. 5.15. Plot of factor scores of (a) factor 1, (b) factor 2, (c) factor 3), (d) factor 4,(e) 
factor 5, and (f) factor 6 of the combined Recent + late Pleistocene factor analysis 
plotted against water depth (m). Recent samples are indicated by black circles, late 
Pleistocene by open circles.
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suggesting that there was some differences between the water masses of the Recent and 
late Pleistocene. As noted in chapter 4, Bulimina alazanensis and Osangularia culter. 
indicator species of SAIW, were not present in the Gulf during the last glacial, 
indicating that SAIW was absent from the Gulf at that time. Thus, with only the 
presence /  absence data we would have interpreted the late Pleistocene water masses as 
being GW (100 - 350 m), OMW (350 - 570 m), and MOW (570 + m), and so would 
have missed the presence of NAIW and the secondary oxygen minimum within SUW, 
without which SUW could not be distinguished from GW.
Summary and Conclusions
1. The R-mode factor analysis of the presence / absence data from the 288 core tops 
differentiated the assemblages associated with the Surface Mixed Layer (SML), Gulf 
Water (GW), Oxygen Minimum Water (OMW), Subantarctic Intermediate Water 
(SAIW), Caribbean Midwater (CMW), the Mississippi River outflow area, and the 
carbonate banks. The boundaries between each of these multivariate assemblages 
matched those of their corresponding water masses.
2. The R-mode factor analysis of the presence /  absence data from the 61 late 
Pleistocene (15,000 yBP) samples gave nearly identical results as the factor analysis of 
the species-frequency data from the same samples. The factors could be correlated to 
assemblages of Subtropical Underwater (SUW), Oxygen Minimum Water (OMW), 
Mediterranean Outflow Water (MOW), and the delta outflow area. As with the species- 
frequency study, the NAIW assemblage was found to be intermediate between the 
OMW and MOW assemblages, and therefore did not have a factor corresponding to it.
154
3. A factor analysis of the combined Recent + late Pleistocene presence / absence data 
sets shows that, in general, the water masses were similar during the two time periods. 
One factor, however, was able to segregate the assemblages of the two time periods.
4. The results of our study show that species presence / absence data can be applied to 
problems of paleoceanography, at least using a time-slice method. This type of data was 
found to be nearly the equal of species-frequency data in delineating water masses and 
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Species List
Abditodentrix pseudothalmanni (Boltovskoy and Giussani de Kahn) 
Alabaminella turrida (Phleger and Parker)




Amphistegina gibhosa d'Orbigny 
Aneulpggrina M a  Phleger and Parker 
Aneulogerina iamaicensis Cushman and Todd 
Anomalinoides deprimus (Phleger and Parker)
Archaias compressus (d’Orbigny)
Astrononion tumidum Cushman and Edwards 
Bigenerina irregularis Phleger and Parker 
Bolivina alata (Seguenza)
Bolivina albatrossi Cushman 
Bolivina barbata Phleger and Parker 
Bolivina fragilis Phleger and Parker 
Bolivina gofissi Cushman 
Bolivina hastata Phleger and Parker 
Bolivina lowmani Phleger and Parker 
Bolivina minima Phleger and Parker 
Bplivina ordinaria Phleger and Parker 
Bolivina pusilla Schwager
Bolivina striatula spinata Cushman 
Bolivina subaeneriensis mexicana Cushman 
Bolivina iranslucens Phleger and Parker 
Bolivinita abrupta (Phleger and Parker)
Buccella hannai (Phleger and Parker)
Bulimina aculeata d'Orbigny 
Bulimina alazanensis Cushman 
Bulimina margiliata d'Orbigny 
Bulimina mexicana Cushman 
Bulimina spicata Phleger and Parker 
Bulimina tenuis Phleger and Parker 
Buliminella elegantissima (d’Orbigny)
Buliminella moreani Andersen 
Cancris sagra (d'Orbigny)
Caribeanglla mexicana (Parker)
Cassidulina crassa d'Orbigny 
Cassidulina curvata Phleger and Parker 
Cassidulina neocarinata Thalmann 
Cassidulina norcrossi australis Phleger and Parker 
Cassidulina subglobosa Brady 
Chilostomella oolina Schwager 
Cibicides bantamensis LeRoy 
Cibicides rugosus Phleger and Parker 
Cibicides wuellerstorfi (Schwager)
Cibicidoides incrassatus (Fichtel and Moll) 
Cibicidoides mollis (Phleger and Parker)
Cibicidoides mundulus (Brady, Parker, and Jones) 
Cibicidoides pachydcrmus bathyalis Poag 
Cibicidoides pachvdermus sublittoralis Poag 
Q hicidoidgs robcflsonianus (Brady)
Q bicidpidss umbonatus (Phleger and Parker) 
Clavulina mexicana Cushman 





Ehrenbereina spinsa Cushman 
Ehrenberrina trigona Go6s 
Enistominella ssigua (Brady)
Epistsminslla yittsa Parker 
Eoonides antillarum (d'Orbigny)
Eponides repandus (Fichtel and Moll) 





Gavelinonsis translucens (Phleger and Parker)
Globobulimina affinis (d'Orbigny)
Globobulimina ovula (d'Orbigny)
Glomospira charoides (Jones and Parker)
Origelis pyrula (d'Orbigny)
Gvroidinoides altifonnis (Stewart and Stewart) 
Gyrpidinpides laem  (d'Orbigny) 
Gyroidinoidss neosoldanii (Brotzen) 
Gvroidinoides polius (Phleger and Parker) 
Gvroidinoides umbonatus (Silvestri) 





Karrerulina apicularis (Cushman) 
LatgrostPmella sninescens (Cushman) 
Laterostomella spinicosta (Phleger and Parker) 
Laticarinina pauperata (Parker and Jones) 
Lenticulina calcar flinn6)
Lenticulina iota (Cushman)
Lisbusella soldanii (Jones and Parker) 
Linguiina seminuda Hantken 
Marginulopsis glabrata (Cushman) 




Nspknticulina pereerina (Schwager) 
MsolSPtigwlina A  (Cushman)
Nodobaculariella cassis (d'Orbigny) 
Nonionella onima Cushman 
Nonionoides gQtClQUpi (d'Orbigny) 
Nuttaiides decarata (Phleger and Parker) 
Oolina hexagona (Williamson) 
Qridorsalis stellatus (Silvestri) 
Qridorsalis tener (Brady)
Qridorsalis umbonatus (Reuss) 
Qridorsalis westi Andersen 
Osangularia culter (Parker and Jones) 
Osangularia rugosa (Phleger and Parker) 
Paumotua cf. £. terebra (Cushman) 
Pavonina atlantica Cushman 
Planulina arimingnsis d'Orbigny 
Planulina exoma Phleger and Parker 
Planulina foveolata (Brady) 
Plectofrondicularia advena (Cushman) 
Procerolagena eracillima (Seguenza) 
Procerolagcna mollis (Cushman) 
Pseudogaudrvina atlantica (Bailey) 
Pseudonodosaria comatula (Cushman) 






Ramulina globulifera Bradv 
Rectobolivina ad vena (Cushman)
Reussella atlantica Cushman 
Rosaliaa suezensis (Said)
Rotorbinella basilica Bandy 
Rutherfordoides mexicanus (Cushman) 
Saprinopsis dimorpha (Parker and Jones) 
Siphonina bradvana Cushman 
Siphonina pulchra Cushman 
Siphotextularia affinis (Fomasini) 
Sohaeroidina bulloidss d'Orbigny 
Sohaeroidina bulloides A 
Slflinfonhia complanata (Egger)
Textularia conica d'Orbigny 
Textularia mavori Cushman 
Textularia mexicana Cushman 
Textulariella bansti (Parker and Jones)
Tosaia weaveri Seiglie and Bermudez 
Trifarina bradvi Cushman 
Uvigerina auberiana d'Orbigny 
Uvigerina flintii Cushman 
Uvigerina hispido-costata Cushman and Todd 
Uvigerina laevis Gogs 
Uvigerina parvula Cushman 
Uvigerina peregrina Cushman
Uviperina peregrina dirupta Todd 
yalyulingria mexicana Parker
Valvulineria "opima" as identified in Pflum and Frerichs, 1976 
Wiesnerella auriculata (Egger)
Chapter 6
Late Quaternary Bathyal Foraminifera of the Northwestern 




Quantitative analysis of 120 core tops and 61 late Pleistocene (15,000 yBP) samples 
from bathyal depths along with presence /  absence data from 288 core tops, have 
enabled us to correlate benthic foraminiferal assemblages of the northwestern Gulf of 
Mexico with present and past water masses. The distribution (absolute and relative 
abundances) of many common species of these assemblages is affected by temperature, 
dissolved oxygen content of the water, and the type and amount of organic matter in the 
sediment The distribution patterns of a number of species have changed between the 
last glacial and Recent, due to the shifts in various environmental factors. The 
stradgraphic record of several common species is restricted to one of the two time 
periods, possibly in response to oceanographic changes.
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Introduction
Benthic foraminifera have been used as primary indicators of paleoenvironment in 
diverse marine sediments of the Cenozoic, and even of the Mesozoic. This has been 
especially true in petroleum industry investigations, because diagnostic organisms must 
be small enough to survive destruction by the drill bit Furthermore, benthic 
foraminifera are common in a wide range of environments, from nearshore marshes to 
the abyssal plain. The long geological ranges of many species and genera add to their 
usefulness, as we can directly compare many ancient assemblages to those found in the 
Recent.
Historically, much emphasis has been given to "upper depth limits" of common 
species and interpretations have been restricted to paleobathymetry. Lower depth limits 
are generally perceived to be of little use, due to downslope transport. Most of the 
schemes of depth zonation proposed for Gulf foraminifera do not use species 
abundances, but only their presence or absence record (e. g. Pflum and Frerichs, 1976), 
no particular notice being taken of the environment in which a species may be most 
abundant Furthermore, it has also been shown that the upper depth limits of some 
species are not the same in different basins (Bandy and Chierici, 1966), and may have 
changed over time in the same basin (Blake and Douglas, 1980).
Before computers enabled multivariate analyses to become commonplace, correlation 
of assemblages to factors other than depth were rare for bathyal to abyssal faunas, 
although it had been noted that low-oxygen environments (Harman, 1964; Smith, 1964) 
and areas with large amounts of organic matter (Seiglie, 1968) had distinct faunas. With 
large-scale multivariate analyses, it was discovered that there was a relationship between 
foraminiferal assemblages and water masses in abyssal depths (Streeter, 1973; 
Schnitker, 1974). Abyssal water masses are delineated by their temperatures and
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salinities, but they also have characteristic dissolved oxygen and nutrient contents. The 
long term stability of the water masses has allowed some species to develop a particular 
adaptation to these water, high abundances of such species can thus be used to infer the 
presence of certain water masses (Schnitker, 1979).
Although bathyal water masses may not be as stable with time, the differences 
between them are greater than abyssal waters. There are also many more species that are 
abundant in these depths. In the northwestern Gulf of Mexico, bathyal assemblages 
show a good correlation to water masses in the Recent (chapter 3) and the late 
Pleistocene (chapter 4). Even the assemblages recognized on the basis of presence / 
absence data are related to water masses (chapter 5). Although the correlation of species 
to water masses is based on factor analyses, the species with the highest factor loadings 
are not necessarily the dominant (i. e. most abundant) species of an assemblage; that role 
is usually taken by some less ubiquitous (and less abundant) species.
In an earlier study, we noted that the distribution patterns of many of the abundant 
species in present-day bathyal depths of the Gulf of Mexico could be matched with 
water mass distribution (Denne and Sen Gupta, 1988). These species show a 
significant change in abundance, or have their upper depth limit in the vicinity of a water 
mass boundary. By adding the depth distribution data of late Pleistocene species to the 
data base on modem distributions, we can directly compare and contrast the 
distributions of these common species, and attempt to isolate the most influential factors.
Before making any Recent-Pleistocene contrasts, however, we must first examine 
the possible effects of taphonomy (post-mortem destruction) on the late Pleistocene 
assemblage. As shown by Denne and Sen Gupta (1989), the taphonomic effect is most 
severe in the uppermost portion of the sediment, so a thick layer (3 cm), as used in our 
Recent study, should yield a record comparable to that found in the ancient Recent 
calcareous species can be placed in three taphonomic categories; well-preserved,
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moderately preserved, and poorly-preserved, based on their downcore abundance 
variations. A preservation index may be defined as:
p = %  Well-preserved - (% Poorly-preserved + %  Arenaceous). When applied to all of 
our Recent samples, this index usually has values between -40 to 60, with 70% of the 
values above 0 (Fig. 6.1a). The graph here includes samples offshore of the delta that 
were excluded from the original taphonomic study, and so contains significantly more 
negative values. Our late Pleistocene data yielded similar values (Fig. 6. lb), and we 
conclude that these two data sets can be directly compared, taphonomy notwithstanding.
In the following sections, a general description of the environment of the 
northwestern Gulf of Mexico will be given, followed by a discussion on how the 
environment can affect the distribution of benthic foraminifera. The results of the study 
will be given in 3 parts. We will first discuss general faunal trends, focusing on 
diversity. This will be followed by an examination of individual species distributions 
and possible explanations for the observed patterns. We will then discuss the overall 
effects of water masses on the foraminiferal assemblages.
Material and Methods
This study incorporates presence / absence data from 288 core tops and 61 late 
Pleistocene samples, and species-frequency data from 120 of the core tops and all 61 
Pleistocene samples. All of the samples were washed over a 63 pm sieve. The 288 
core tops are from the east Texas - Louisiana shelf and slope (88 - 96° W; 58 - 1361 m; 
Fig.5.1). These samples are from the upper 5 cm of approximately 6 m long gravity 
cores taken by Exxon Company, U. S. A., in 1985. The late Pleistocene samples are 
from 61 of the cores that reached the 15,000 year datum (90 - 95° W; 283 - 1341 m;
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Fig. 6.1. Values of preservation index P plotted against water depth (m) for (a) Recent 
and (b) late Pleistocene.
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Fig. 4.1). Presence /  absence data were obtained for 157 environmentally significant 
species from approximately equal amounts of washed residue. Multivariate analyses of 
the data are discussed in chapter 5.
Frequencies of Recent species were studied in 61 of the cores used in the presence / 
absence study, plus 59 cores from the Texas slope, a total of 120 samples (88 - 96.5° 
W; 87 - 1361 m; Fig. 3.1). The samples were chosen to avoid those containing sand. 
The Pleistocene samples used for investigation of species frequencies were the same as 
those used in the presence /  absence study. The samples were split to a size containing 
approximately 300 benthic specimens, all of which were then picked and identified. The 
number of specimens picked ranged from 247-404 for the Recent, and 250-346 for the 
late Pleistocene. A total of 338 species were identified in the Recent, 262 in the 
Pleistocene. Results of the multivariate analyses of the species-frequency data are 
discussed in chapters 3 and 4.
To find the 15,000 year datum, a modification of Kennett and Huddlestun's (1972) 
planktonic foraminiferal zonation, which utilizes relative abundances of several 
planktonic species from the >175 pm fraction, was used. Kennett and Huddlestun's Y1 
/  Y2 boundary, dated at about 14,000 yBP (Broecker et al, 1988), is marked by the last 
consistent occurrence of Globorotalia inflata. a decrease in the relative abundance of Q. 
crassaformis. and an increase in the abundances of Globigerinoides ruber. This 
boundary is based on the planktonic faunal response to the beginning of the last 
deglaciation, as it occurs just after the first oxygen isotope meltwater spike (Kennett et 
al., 1985). As we targeted a datum prior to the deglaciation, we modified this zonation 
scheme. It was noticed that before the Y1 / Y2 boundary there is a transition period, 
during which the abundances of Q. inflata and £ . crassaformis decrease by an average 
of 50% but fi. ruber shows no change. We used the sample just below this transition 
period, which is dated at about 15,000 yBP.
95* 90* 85* 80*
Fig. 6.5. Physiography of the Gulf of Mexico (from Martin and Bouma, 1979). 
change. We used die sample just below this transition period, which is dated at about 
15,000 yBP.
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The Gulf of Mexico
Physiography
The Gulf of Mexico is a basin enclosed on all sides but the east (Fig. 6.2). The Gulf 
is connected to the Caribbean Sea through the Yucatan Strait separating the Yucatan 
Peninsula from Cuba. The sill depth there is between 1900-2000 m. The Gulf is also 
connected to the Atlantic Ocean via the Florida Straits (between Florida and Cuba), 
which has a sill depth of about 800 m. In a general sense, water flows in through the 
Yucatan Strait and out of the Florida Straits.
The shelf in the northwestern Gulf ranges in width from 260 km off of southwestern 
Louisiana, to 100 km at southern Texas, and is even less in the vicinity of the 
Mississippi River Delta. The depth of the continental slope is from 100-200 m to about 
2000 m, the depth of the Sigsbee Escarpment Off of the Mississippi Delta is the 
Mississippi Fan, which obscures the escarpment Two canyons are present in the 
northwestern Gulf. Just west of the modem Mississippi Delta is the Mississippi 
Trough, (about 80-1200 m) believed to have been formed at approximately 30,000 yBP 
(Coleman et al., 1983). The Alaminos Canyon is present south of Galveston, Texas, 
and is in much deeper water than the Mississippi Trough.
Much of the northwestern Gulf is covered by salt diapirs, formed by density 
instability between the salt and overlying sediments (Lehner, 1969). Often associated 
with these diapirs between 100-200 m are carbonate reefs, most of which were formed 
during glacial lowstands, although some are still active today (Poag and Tresslar, 1981). 
Most prominent are the Flower Garden Banks, south of the Texas / Louisiana border.




Two major rivers, the Mississippi and the Rio Grande, empty into the northwestern 
Gulf of Mexico, as well as several smaller rivers. The discharge from the Mississippi 
River from 1973 to 1983 ranged from a yearly total of 270 million m3 to 650 million 
nA  During the same time period, 74 to 207 million metric tons of sediment per year 
was deposited (Mossa, 1988). This is much larger than the contribution from the Rio 
Grande River, which is only 13 million metric tons per year (Smith, 1966). Offshore of 
the Mississippi Delta is an area of high productivity, creating a strong oxygen minimum 
zone in water shallower than 400 m. This productivity also causes a large amount of 
organic matter to reach the sea floor. The environment is the primary cause for the 
"delta effect" on species distribution noted by Pflum and Frerichs (1976). This effect 
extends west of the delta to about 90° W. The modem delta is the last of six delta 
complexes deposited during the Holocene (Fig. 6.3).
Suter and Berryhill (1985) located 5 late Pleistocene shelf-margin deltas using 
seismic profiles (Fig. 6.4). Their location of the late Wisconsinan Mississippi River 
Delta, however, is controversial because Coleman et al. (1983) and Goodwin and Prior 
(1989) have shown that the Mississippi Trough began to fill at 19,000 yBP. It is 
unlikely that the delta shifted such long distances; usually the maginitude of sediment 
transport away from shelf-margin deltas is enough to prevent large-scale aggradation. 
Our faunal evidence shows that there was a strong delta influence off and to the east of 
Suter and Benyhili's Mississippi Delta, but we do not have enough data to determine if 
this was the Mississippi River, or another system with a relatively large discharge 
(chapter 4).
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Fig. 6.3. Location of the delta complexes deposited during the Holocene (from Penland 
and Suter, 1988).
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Sea level of the Gulf of Mexico during the last 20,000 years is still a much-discussed 
topic. Early studies relied on the depths of submarine terraces (e. g. Fisk and McFarlan, 
1955). Curray (1960) constructed a sea level curve using radiocarbon data of near­
shore molluscs (oyster, etc.) on the Texas shelf. Sea level at about 17,000 yBP was 
estimated to be at -88 to -106 m. Other sea level studies have been done by McFarlan 
(1961), Ballard and Uchupi (1970), and Nelson and Brady (1970), all of whom used 
geomorphologic evidence. Poag (1973) gives a good summary of these studies.
A more recent study of this problem combined geomoiphology and radiocarbon 
dating. Berryhill (1987) used the top-lap portion of shelf margin deltas to determine a 
maximum lowstand depth of -125 m at 18,000 yBP, and a level of -90 m at 11,500 
yBP. This determination appears to be the most reliable to date. For the purposes of 
our study, we used a sea level of -100 m at 15,000 yBP.
Sediments
The major feature of northwestern Gulf of Mexico sediments is the Mississippi 
River. Heavy mineral data suggests that sediment from the Mississippi covers 40% of 
the Gulf (Davies and Moore, 1970; Fig. 6.5). On the slope, sediments are 
predominantly muds, with very little sand found beyond the shelf. In the deep Gulf, 
planktonic foraminiferal ooze covers much of the surface. The average carbonate 
content in the Gulf is 23%, due mainly to foraminifera. The other major constituents are 
clay minerals: illite (26%), quartz (19%), smectite (15%), chlorite (10%), and kaolinite 
(7%) (Devine et al., 1973). The amount of organic matter in Gulf sediments, estimated 
by nitrogen content, is highest between depths o f200 -1000 m distal from the delta 
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Fig. 6.5. Heavy mineral provinces of the Gulf of Mexico (from Davies and Moore, 
1970).
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Fig. 6.6. Nitrogen values for sediments from off the Texas coast (data from Trask, 
1953).
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At present, turbidites and other mass flows are common only in the vicinity of the 
Mississippi Delta and Trough. However, during the last glacial they were much more 
widespread, as is often the case for lowstand deposits. Much of the abyssal Gulf 
contains late Pleistocene turbidites, some of which are carbonate turbidites from the 
Campeche Shelf (Davies, 1972). This created many problems for our study, as we did 
not want to sample the displaced faunas found in turbidites. Fortunately, even turbidites 
with little sand were identifiable, as they usually contained reworked shale chips and 
Tasmanites (a reworked algal cyst), and show a very low density of foraminiferal tests.
We found that late Pleistocene sedimentation rates were higher (2-4 times) than those 
of the Holocene (chapter 4). Coleman and Roberts (1988) found the same for the 
Pleistocene in general, and were able to relate periods of low sedimentation (condensed 
sections) to sea level highstands, and periods of high sedimentation (expanded sections) 
to lowstands. During times of transgression, the coastal plain aggrades, depositing 
much of the sediment before it reaches the ocean, and the sediment that does make it that 
far is deposited on the broad highstand shelf. During regressions, the coastal plain is 
eroded, causing much more sediment to reach the ocean, much of which is then able to 
go beyond the thin lowstand shelf to the deep sea (Vail et al., 1984). The nature of late 
Pleistocene organic matter also fits into this scheme; it contains a higher terrestrial 
component than Recent sediments (Newman et al., 1973).
Studies of late Pleistocene heavy minerals indicate that the longshore transport of 
sediment during the last glacial was similar to that in the Recent, with the bulk of 
transport to the west (van Andel and Poole, 1960). However the current sytems were 
very different during the early portion of the deglaciation, with the dominant flow to the 
east. This is demonstrated by the presence of Rio Grande sediments as far cast as 93° 
W (Louisiana Shelf). There are, however, no absolute dates on these sediments, and 




Six water masses have been identified from the northwestern Gulf of Mexico (Fig. 
3.4). The Surface Mixed Layer (SML) comprises the uppermost mass, occupying the 
upper 100 m. It is vertically mixed, and has seasonal variations of salinity and 
temperature (Nowlin, 1971). The Gulf Water (GW), directly beneath SML, is found to 
250 m. It is characterized by salinities from 36.4 - 36.5 %o (Morrison et al., 1983).
The Oxygen Minimum Water (OMW) occupies a depth range of 250 - 650 m. Typical 
values of dissolved oxygen in OMW are between 2.9 - 2.5 ml /1. OMW is generally 
strongest in the western Gulf.
The Subantarctic Intermediate Water (SAIW) is usually found from 650 - 1000 m. It 
has a characteristic salinity minimum (34.88%c) and nitrate and phosphate maxima. 
Below is the Caribbean Midwater (CMW), ranging from 1000 -1500 m. It contains the 
silicate maximum (24 - 28 |iM; Morrison et al., 1983). The Gulf Basin Water covers 
the basin floor, from 1500 to 3660 m.
The major current in the Gulf is the Loop Current, which flows through the Yucatan 
Strait northward to about 26 - 27° N, turns southward, and flows out the Florida Straits 
(Morrison and Nowlin, 1977). Its effects are generally felt only in the eastern Gulf at 
present, although eddies are common in parts of the western Gulf.
For a more thorough discussion of Gulf of Mexico oceanography, see Nowlin 
(1971), Morrison et al.(1983), and chapter 3.
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Late Pleistocene
A study of the late Pleistocene Gulf of Mexico oceanography (chapter 4) revealed the 
presence of 4 water masses in the study area (Fig. 4.6). Two other water masses were 
probably also present in the Gulf above and below the depth levels of this study. SML 
probably occupied a similar depth range as in the Recent, from 0 -100 m. This is only 
speculation, as we have no data from waters this shallow. A study of planktonic 
foraminifera from the last glacial estimated that surface temperatures were cooler at that 
time by about 2° C during the summer, and 1° C during the winter. Salinities averaged 
about .5%o higher during the late Pleistocene (Brunner and Cooley, 1976).
A late Pleistocene Subtropical Underwater (SUW) was present below SML. SUW is 
currently only found in the eastern Gulf, in the vicinity of the Loop Current (Morrison et 
al., 1983). Apparendy, the late Pleistocene SUW contained a secondary oxygen 
minimum between depths of about 150-250 m. This water mass as a whole extended to 
350 m, below which OMW was present. Our faunal analyses suggest that glacial OMW 
was not as fully developed as the modern OMW. Its lower boundary was at 570 m.
SAIW was absent from the Gulf during the last glacial, and was replaced by the 
North Adantic Intermediate Water (NAIW). On the basis of chemical data, Boyle and 
Keigwin (1986) speculated that NAIW was nutrient poor. Our faunal data neither 
confirm nor refute this. NAIW was present from 570 to 775 m and was underlain by 
Mediterranean Outflow Water (MOW). MOW is cumendy a major component of upper 
North Adantic Deep Water (NADW), from which CMW is formed. Our faunal analyses 
indicate no significant differences between CMW and MOW. MOW extended to at least 
1241 m, the depth of our deepest sample. Joyce and Williams (1986) inferred that the 
late Pleistocene (last glacial) bottom water at 1560 m was more highly oxygenated than 
it is now at comparable depths. Dignes (1979) found that abundances of Cibicides 
wuellerstorfi. a species most common in highly-oxygenated abyssal waters, were higher
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during the late Pleistocene at depths close to 3500 m; this supports the conclusion of 
Joyce and Williams (1986). Thus, between 1241 and 1500 m was a boundary between 
MOW and a highly-oxygenated deep-water. Thus, there may have been a boundary 




The first major study of benthic foraminiferal distribution in the bathyal Gulf of 
Mexico was by Lohmann (1949), who looked at transects off of Pensacola, Florida, the 
Mississippi Delta, and Corpus Chrisd, Texas. This study was mostly done at the 
generic level. Shortly thereafter, Phleger and Parker (1951) published the most 
important study of Gulf of Mexico foraminifera, covering the entire depth range of the 
northwestern Gulf. The depth ranges for a large number of species were established for 
the first time, including those of many previously undescribed species. A follow-up 
study was conducted in the northeastern Gulf, covering the foraminifera of the 
Mississippi Delta and the Florida carbonate shelf (Parker, 1954). Bandy (1956) looked 
at this same general area, but only to about a depth of 200 m. Pflum and Frerichs 
(1976) studied the foraminifera from 3 traverses in the northwestern Gulf. All of these 
studies focused on the depth distribution of indicator species and schemes of depth 
zonation on this basis. Reports on the fauna from one or a few samples include LeRoy 
and Hodgkinson (1975) and Reynolds (1982).
Walton (1964) introduced the generic predominance method for estimating 
foraminiferal paleoenvironments in a study of the northeastern Gulf. This method was 
then employed on mostly previously published data by Poag (1981), who produced
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generic predominance facies for the entire Gulf, which were shown to have some 
correlation to oceanography (Poag, 1984). Dignes (1979) used factor analysis on 111 
core tops, most of which were from published data, to determine assemblages. Most of 
the assemblages were related to water depth and nutrients. Culver and Buzas (1981) 
collected presence / absence data from all published Gulf of Mexico reports. A cluster 
analysis of this data revealed 4 biogeographic provinces, which showed a general 
relationship to water masses (Culver and Buzas, 1983). Hiltermann (1987) used the 
Braun-Blanquet method to determine ecologic assemblages on presence / absence data 
from Pflum and Frerichs (1976).
Pleistocene
Studies of Pleistocene benthic foraminifera have been limited to downcore variations 
of species in only a few cores. Akers and Dorman (1964) discussed the species found 
in several oil wells from Louisiana, focusing on biostratigraphy and paleoenvironmental 
interpretations. Numerous studies of the carbonate banks in the northwestern Gulf have 
shown them to be predominantly Pleistocene in age (Poag, 1972; Poag and Sweet,
1972; Poag and Sidner, 1976). LeRoy and Levinson (1974) described a deep-water 
foraminiferal assemblage from the middle Pleistocene south of the Mississippi Delta. 
Quantitative studies have been done on Pleistocene samples from the basin floor 
(Dignes, 1979), and from the Pigmy Basin on the Louisiana slope (Schroeder, 198S). 
Joyce and Williams (1986) examined the downcore abundances of only one species, 
Uvigerina pereprina. in a core from 1600 m.
1 8 3
Ecology
The ecology of bathyal and abyssal benthic foraminifera has recently become a major 
research topic. Although there have been many studies of foraminiferal distribution over 
the last 40 years, few had related the distribution to anything but water depth, and the 
first correlations between abyssal assemblages and oceanography are less than 20 years 
old (Streeter, 1973). Environmental factors believed to have an effect on the distribution 
of bathyal benthic foraminifera are discussed below. Factors such as salinity and light 
intensity known to affect only shallow-water species will not be discussed.
Water Depth
Natland (1933) was one of the first to conelate foraminiferal assemblages to water 
depth in a study off of the coast of California. Because of the need for accurate 
paleobathymetry in many geological studies, most studies of foraminiferal distribution 
trends have been focused on those sponsored by depth relations. However, depth itself 
is only a location in space, and not a true environmental parameter (Gibson, 1968). 
Although parameters such as light intensity and temperature are affected by depth, the 
only parameter that consistently covaries with depth is pressure. Pflum and Frerichs 
(1976), in defense of depth zonations, stated, "In view of the similar upper depth limits 
for a number of benthic foraminifera species that occur in highly disparate water masses, 
faunal depth limitations expressed in terms of water pressure may be more important 
than the other environmental factors ..." However, as shown by Blake and Douglas
(1980) and this study (chapter 7), upper depth limits of benthic foraminifera have been 
variable during the past 20,000 years. It has also been shown that in upwelling areas, 
foraminifera can be found in waters much shallower than their usual habitats (Sen Gupta 
etal., 1981; Bock, 1982).
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Attempts at correlating foraminiferal structure with depth have also been made.
Bandy (1960) correlated shape and ornamentation changes with depth for several genera 
and groups of genera. Pflum and Frerichs (1976) made similar correlations for Gulf of 
Mexico foraminifera.
Temperature
Temperature may be a major limiting factor on foraminiferal distribution, and has 
been cited as the major controlling factor (e. g., Lee, 1974), even though temperature is 
less variable in bathyal environments than in neritic ones. Crouch (1952) used samples 
from eleven silled basins off California to demonstrate that foraminiferal biozones could 
be directly related to water temperature. Bandy and Chierici (1966), however, 
demonstrated that upper depth limits of species have little connection to temperature 
when species from the Mediterranean and Pacific were compared. Phleger (I960) stated 
that the largest change in the benthic fauna occurs at the boundary between the mixed 
layer and underlying water masses, suggesting that temperature variation may play as 
large a role as absolute temperature.
When our results from the Recent and late Pleistocene data sets are compared, it is 
evident that some species had either upper depth limits of occurrence or abundance in 
water depths 100 to 150 m shallower during the late Pleistocene than in the Recent.
This matches fairly closely the extrapolated temperature curve for the late Pleistocene, as 
isotherms show an upward shift of about 100 m (Fig. 4.6). It is possible that although 
temperature may play only a small role in limiting the absolute distribution of species, it 




The effects of the dissolved oxygen content of water is currently a point of 
contendon, due to the difficulty of separating the effects of low-oxygen and those of 
high amounts of organic matter which usually co-occur. Distinct oxygen minimum 
faunas have been found in numerous studies of foraminifera from the west coast of the 
Americas. These are typically dominated by species of Bolivina. Buliminella. and 
Globobulimina (Harman, 1964; Smith, 1964; Phleger and Soutar, 1973; Golik and 
Phleger, 1977; Ingle et al., 1980). The morphology of these genera, with large surface- 
area to volume ratios and numerous pores, is typical of an infaunal adaptation, and may 
specifically indicate an adaptation to low-oxygen conditions (Corliss, 1985). These 
same morphotypes have been noted from low-oxygen environments as far back as the 
Jurassic (Bernhard, 1986). They are also dominant in the present low-oxygen 
environment off of the Mississippi Delta (chapter 3).
Although it has been satisfactorily demonstrated that the fauna in dysaerobic areas is 
distinctive,the question remains whether faunas in less developed oxygen minimum 
zones are significantly different. In chapter 3, it was shown that Alabaminella turpida. 
the species most affected by the "delta effect" (Pflum and Frerichs, 1976), is very 
sensitive to the amount of oxygen in the water. It is most abundant in the Gulf of 
Mexico in highly oxygenated Gulf Water, Caribbean Midwater, and Gulf Basin Water, 
and is rare in Oxygen Minimum Water, which is not strongly developed in the Gulf (2.5 
ml /1). It was also found that several species, such as Bulimina mexicana and Uvigerina 
hispido-costata are common only in OMW. Schnitker (1979) speculated that Uvigerina 
peregrina was indicative of "old", less-oxygenated waters, while Epistominella exigua 
was indicative of "new", highly-oxygenated waters. Miller and Lohmann (1982) found
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that II. peregrina is actually correlated with the organic carbon content, whereas the 
Glohohulimina / Bulimina assemblage iss correlated to low amounts of oxygen.
It has recently been shown that the morphology of a single species can be related to 
oxygen content of the water. Gary et al. (1989) demonstrated that the test triangularity 
and pore density of Bolivina albatrossi decrease below 600*800 m, the depth of the 
Oxygen Minimum Water / Subantarctic Intermediate Water boundary. As SAIW is more 
highly oxygenated than OMW, apparently less pores are needed for respiration.
Substrate and Nutrients
Most attempts at linking bathyal benthic foraminfera to the substrate have focused on 
the nutrients in sediments; the grain size of sediments below the shelf may show little 
variation. Qvale and van Weering (1985) attempted to relate assemblages to the 
sediment in the Norwegian Channel, and found that Melonis barleeanum preferred a 
fine-grained substrate, while Trifarina angulosa was found in areas with low amounts of 
silt and clay. However, these same species were also related to the organic carbon 
content, which generally is higher in fine-grained sediments.
The effects of nutrients on the distribution of foraminifera is best shown in areas of 
high productivity related to upwelling (Uchio, 1960; Sen Gupta et al., 1981) or delta 
outflow (Phleger, 1964). In these areas, the standing crop of benthic foraminifera is 
much higher than in other regions. Seiglie (1968) related the genera Buliminella. 
Bulimina. Fursenkoina. Florilus. Nonionella. and Uvigerina to high organic carbon 
content. Most of these genera haave infauna] morphologies. Similarly, Corliss and 
Chen (1988) found that the abundance of species with infauna] morphologies is related 
to the organic carbon content As mentioned above, Uvigerina peregrina has been 
correlated to high amounts of organic carbon (Miller and Lohmann, 1982).
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The type of organic matter in the sediment may also play a role in foraminiferal 
distribution. A factor analysis of Gulf of Mexico foraminiferal data (Dignes, 1979) 
correlated several factors to the predominance of either terrestrial or pelagic carbon. 
Caralp (1989) found that species distributions off the Mauritanian coast could be related 
to the quality of marine organic matter. Bulimina exilis was correlated to unaltered 
organic matter, while Melonis barleeanum showed an affinity for more altered organics. 
It was also speculated that areas dominated by terrestrial organic matter may only 
support a sparse fauna, due to the lowering of the nutrient value caused by long-distance 
transport.
Water masses
A water mass is defined by its temperature and salinity, but it also has characteristic 
amounts of dissolved oxygen and various nutrients (e. g. silicate, phosphate, and 
nitrate). Separately, these can have some effects on the fauna, but in concert, they exert 
a strong control on the distribution of benthic foraminifera in bathyal and abyssal 
environments. This was initially demonstrated by Streeter (1973) and Schnitker (1974) 
in the deep North Atlantic. The correlation between water masses and foraminifera has 
also been made in the abyssal depths of the South Atlantic (Lohmann, 1978), and the 
Indian Ocean (Corliss, 1979). Until recently only a general correlation had been made 
in bathyal depths, but specific relationships were found in the Gulf of Mexico (chapter 
3).
A major focus of foraminiferal water mass studies has been the identification of 
indicator species for each water mass. Examples include Nuttalides umbonifera for 
Antarctic Bottom Water (AABW), Cibicides wuellerstorfi for lower North Atlantic Deep 
Water (NADW), Uvigerina peregrina for upper NADW (Schnitker, 1980), and
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(chapter 4). These last two species are also common in neighboring water masses in the 
Gulf, but they were absent from the Gulf during the late Pleistocene, when SA1W was 
not present. One would expect them to still be present at that time (as the conditions in 
the neighboring masses were not significantly different) leading us to speculate that they 
may use SAIW as a current for long distance transport or have some other direct tie to 
SAIW. Their reintroduction into the Gulf at 13,000 yBP was not their first occurrence 
there, because they have been noted from the early Pliocene (Kohl, 1983) and the 
middle Pleistocene (LeRoy and Levinson, 1974) sediments of the Gulf.
Faunal Trends
Morphology
Corliss (1983) noted that infaunal deep-water species have similar moiphological 
characteristics, as as do the epifaunal species. Infaunal species have many pores spread 
over the entire surface, which may be an adaptation to the low-oxygen environment 
found within sediments. Epifaunal species often have pores on only one side, or none 
at all. This led to a morphological classification related to putative living habitats. 
Infaunal species are rounded planispiral (Pullenia). flattened ovoid fFissurinal. tapered 
and cylindrical (Buliminal. spherical (Lagenal. or flattened tapered (Bolivinal.
Epifaunal species are rounded trochospiral (Alabaminellal. plano-convex trochospiral 
(Cibicidesk milioline (Ouinqueloculina). or biconvex trochospiral (Cibicidoidesl 
(Corliss and Chen, 1988).
In reality, all species with an nfaunal morphology may have not an infaunal living 
habitat. Their similar morphologies, however, suggest an adaptation to some similar 
property of the environment. The total percentage of species with infaunal 
morphologies in the Recent Gulf shows a large increase at 100 m water depth, a peak
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Fig. 6.7. Percentages of species with infaunal morphologies (as defined in Corliss, 
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Fig. 6.8. Number of species (S) in (a) Recent and (b) late Pleistocene samples plotted 
against water depth (m).
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between 200-500 m, and then a gradual decreas (Fig. 6.7a). During the late 
Pleistocene, infaunal species were most abundant above 350 m; they abruptly decreased 
and then plateaued below this level (Fig. 6.7b). The variation at any given depth is quite 
large, often between 20-30%. The general trend in the Recent suggests an affinity for 
either organic matter or low-oxygen. As the Pleistocene peak was not found within 
OMW, the correlation to organic matter is suggested. This agrees with Corliss and 
Chen’s (1988) findings from the Norwegian Sea.
Species Diversity
Diversity trends of foraminifera may indicate the nature of the paleoenvironments, 
with most indices increasing in value with depth (Gibson and Buzas, 1973). This is 
most evident when shelf assemblages are compared to bathyal and abyssal ones. Using 
the data of Phleger and Parker (1951) and Parker (1954), Gibson and Buzas (1973) 
found that the diversity increased from the shelf to the slope, and then decreased below 
approximately 600 m in the northwestern Gulf, and below 2000 m in the northeastern 
Gulf. We have tested the trend with our own data, using 4 different diversity indices, 
plus two measurements of evenness. As we were only interested in trends with depth, 
we removed the samples under the influence of the "delta effect"
The diversity index S is defined as the number of species found in a sample (Gibson 
and Buzas, 1973), and is therefore dependent on sample size. Values ranged from 36 to 
65 in modem samples, and from 35 to 63 in late Pleistocene samples (Fig. 6.8). As our 
shallowest sample is from 87 m, we were not able to discern the increase in diversity 
associated with the shelf /  slope boundary. There appears to be a trend of decreasing 
numbers with depth to about 700 m in the Recent, below which it increases again, but 
this trend is not very clear, due to the high variability. The decreasing trend on the
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upper slope is clearer for the late Pleistocene, but no increasing trend is evident for 
deeper waters.
Margalef s D is similar to S, but this index makes a correction for sample size. 
Margalefs D is defined as D = (S-l) / In n, where n is the number of specimens in the 
sample. Values ranged 6 to 11 for both the Recent and late Pleistocene (Fig. 6.9). The 
overall trends are similar to those with S.
One of the most common diversity indices is the Shannon-Wiener information 
function H, which is dependent not only on the number of species, but also on the 
relative abundances of the species (Gibson and Buzas, 1973). H is defined as:
H = - X pi In pi, where pi is the proportion of the i'th species. Values ranged from 
2.40 to 3.65 for both time periods (Fig. 6.10). No trend is discernible for the Recent, 
but a decreasing trend (similar to those found for S and D) was present during the late 
Pleistocene.
Pielou (1979) formulated a diversity index that uses only the 3 commonest species, 
and therefore can be calculated much more quickly than the previous indices. This 
index, Pielou's P3, is defined as P3 = p3 / (pi + p2 + P3) where p i-3 are the 
percentages of the 1st, 2nd, and 3rd most common species. The maximum value for P3 
is .33. Although P3 may possibly be useful in comparing shelf faunas to deeper-water 
faunas, it shows no trend with either the Recent or late Pleistocene data from the study 
area (Fig. 6.11).
Indices of evenness measure the distribution of relative abundances among the 
species. Thus, high evenness implies that many species are common, while low 
evenness suggests that only a few species make up most of the assemblage.
Equitability, E (a measure of evenness), is defined as E = e^  / S. E ranges from .25 to 
.65 for the Recent and the late Pleistocene (Fig. 6.12). The only discernible trend is that 
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Fig. 6.9. Values of the diversity index D for (a) Recent and (b) late Pleistocene plotted 
against water depth (m).
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Fig. 6.10. Values of the diversity index H for (a) Recent and (b) late Pleistocene plotted
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Fig. 6.13. Values of the evenness measure J for (a) Recent and (b) late Pleistocene 
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Fig. 6.14. Values of the diversity indices (a) S, (b) D, and (c) H for Recent samples 
from above 410 m, plotted against longitude.
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Another measure of evenness is Pielou's J, which is defined as J = H /  Hmax» where 
Hmax is the maximum value of H for a given number of species. Pielou's J has a 
maximum value of 1, but ranged from .65 to .9 in our samples (Fig. 6.13). The trends 
(or lack thereof) were similar to those for E.
The diversity figures from our study partially disagree with those computed by 
Gibson and Buzas (1973) from published data on Gulf of Mexico foraminifera. We 
found that diversity increases after the low values found between 600 - 700 m, if there is 
any trend at all. The main reason for this not being evident in the earlier data sets is that 
unilocular species, which become more common in deeper water, were not 
differentiated, thus keeeping the number of species artificially low. These earlier 
studies also had a much wider variance in the number of specimens actually counted; 
this can greatly affect the results.
Gibson and Buzas (1973) also found that diversity in shallow water (<200 m) off the 
Mississippi River Delta was much lower than in comparable depths away from the delta. 
Our multivariate analyses demonstrated the "delta effect" is prominent to a depth of 
about 410 m (chapter 3), and have we compared the diversity values for proximal and 
distal samples from water shallower than 410 m. The diversity indices S, D, and H all 
have much lower values near the delta (-88 to -90°) than in areas distal from it (Fig.
6.14), while P3 shows no trend. The evenness measures appeared to show only a 
minor decrease near the delta.
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Distribution of Species
This section deals with the distribution of the common bathyal species found in the 
northwestern Gulf of Mexico. The total depth range for each species is mainly based on 
the findings of Phleger and Parker (1951), except where our data show a significant 
difference. The area graphs shown for each species are based on data from our samples 
that are not significantly affected by downslope transport or "delta effect”. We used 104 
samples for the Recent and 56 samples for the late Pleistocene graphs. For species with 
strong affinities to the offshore delta environment, we have also shown the geographic 
distribution, using data from all cores.
Alabaminella turgida (Phleger and Parker)
Eponides turgidus Phleger and Parker, 1951 
Figure 6.15; Plate 1, # 3a,b
Phleger and Parker (1951) report A- turgida from 40 to >3400 m. Pflum and 
Frerichs (1976) believed it to be the species most affected by the "delta effect." We have 
demonstrated that A- turgida is sensitive to low amounts of oxygen, as it is least 
common in the vicinity of the delta and in OMW (chapter 3). Its highest abundances are 
within the well-oxygenated SML, GW, SAIW, CMW, and GBW in the Recent, with 
abundances over 15%. During the last glacial it was commonest within NAIW and 
MOW in the study area, with abundances above 20%. Its higher abundances in glacial 
OMW suggest that the oxyen content was higher in OMW during the last glacial than at 
present.
Reports of A- turgida are restricted to the Gulf of Mexico and the Caribbean. It has 
been suggested that A- turgida is conspecific with A- weddelensis (Earland)(McLaughlin 
and Sen Gupta, MS), giving it a much wider worldwide distribution.
Fig. 6.15. Relative abundances of Alabaminella turgida for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Fig. 6.16. Map of the northwestern Gulf of Mexico showing relative abundances of 
Bolivina alata for the Recent
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Bolivina alata (Seguenza)
Vulvulina alata Seguenza, 1862 
Figure 6.16; Plate 2, # 2 
£ . alata is rare in most of the Gulf, except for the area offshore of the Mississippi 
Delta, where it occurs at abundances of at least 5%. The same is true for the last glacial, 
although its occurences are somewhat more scattered, possibly due to higher amounts of 
organic matter during the late Pleistocene.
fi. alata has been found in the Atlantic and Pacific Oceans, and the Caribbean.
Bolivina albattossi Cushman. 1922 
Figure 6.17; Plate 2, # 3 
Phleger and Parker (1951) found £. albatrossi in waters between 100 to 1550 m.
We found it to be rare until approximately 250 m - the boundary between GW and 
OMW. Below 250 m it ranges from less than 5% up to at least 20%. It is common 
within OMW, SAIW, and CMW. During the last glacial it was much less common, 
reaching the 5% abundance level in only a few samples. It was especially rare in 
NAIW. We as yet do not have any explanation for its distribution pattern. Recently.it 
has been found that £ . albatrossi's pore density and shape could be roughly correlated 
to the dissolved oxygen content of the water (Gary et al., 1989).
albatrossi has been found in the Atlantic and Indian Oceans, and the Caribbean.
Bolivina barbata Phleger and Parker, 1951 
Figure 6.18; Plate 2, # 4 
fi. barbata is found from 50-1000 m (Phleger and Parker, 1951). We found it to be 
most common in waters less than 250 m, although it is usually rare outside of the 
Mississippi Delta vicinity. There it has relative abundances up to 18%. This was not
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Fig. 6.17. Relative abundances of Bolivina albatrossi for (a) Recent and (b) late 
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Fig.6.18. Map of die northwestern Gulf of Mexico showing relative abundances of 
Bolivina barbata for the Recent.
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noted for the late Pleistocene, but we did not have any cores above 250 m in the delta 
vicinity, and so is likely due to sampling.
£ . barbata has been reported from the Caribbean and the Gulf of Alaska.
Bolivina lowmani Phleger and Parker, 1951 
Figure 6.19; Plate 2, # 8 
Phleger and Parker (1951) report B. lowmani in all depths at very high abundances. 
We also found it to have no discernible correlation with depth, in either the modem or 
last glacial assemblages. Hueni et al. (1976) found that B- lowmani has a 
meroplanktonic larval stage, which may account for its random distribution. Overall, 
we found it to be much less common than Phleger and Parker (1951) did, which is a 
result of the thickness of the sampling interval, as shown by Denne and Sen Gupta 
(1989). It was found that B. lowmani has little resistance to taphonomic processes, and 
so is found in much higher abundances in the uppermost portion of the sediment as 
compared to the sediment only a few centimeters below the surface.
B- lowmani has been reported from the Atlantic and Pacific Oceans, and the 
Caribbean.
Bolivina minima Phleger and Parker, 1951 
Figure 6.20; Plate 2, # 9 
B- minima is reported from 70-700 m (Phleger and Parker, 1951). We found that it 
is never very common (always below 4%), and reaches its highest abundances between 
150 to 450 m. This corresponds to the lower GW and upper OMW. During the last 
glacial, it was most common below 250 m, within what has been interpreted to be the 
secondary oxygen minimum of SUW.
B- minima has also been found in the Caribbean.
a M
Fig. 6.19. Relative abundances of Bolivina lowmani for (a) Recent and (b) late 
Pleistocene plotted against water depth (m).
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Fig. 6.20. Relative abundances of Bolivina minima for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Bolivina ordinaria Phleger and Parker, 1952 
Figure 6.21; Plate 2, # 10 
fi. ordinaria occurs from 50-1450 m (Phleger and Parker, 1951). It becomes 
common at 150 m, and reaches its highest abundances within OMW and upper SAIW, 
with percentages up to 40%. It appears to have an affinity for low-oxygen 
environments, as it is most abundant offshore of the Mississippi Delta. This was also 
true for the last glacial, as it was common within OMW, and had its highest abundance 
(45%) offshore of Suter and Benyhill's (1985) Mississippi Delta. It was also common 
within SUW's secondary oxygen minimum, 
fi. ordinaria has been found in the Caribbean.
Bolivina subaeneriensis mexicana Cushman, 1922 
Figures 6.22, 6.23; Plate 2, # 13 
fi. s. mexicana is found from 40-1800 m (Phleger and Parker, 1951). It is most 
abundant from 100 - 350 m, in GW and uppermost OMW. It is found in abundances up 
to 15% distal from the Mississippi Delta, but reaches 25% near the delta. This suggests 
that £ . £. mexicana has an affinity for low-oxygen conditions, but another factor, 
possibly temperature, is restricting its production within OMW. During the last glacial it 
was much less common, never reaching the 5% level outside of the delta area, possibly 
due to colder temperatures, or sampling. It appears to have been restricted to SUW. 
a . S. mexicana has been reported from the Atlantic Ocean and the Caribbean.
Bulimina aculeata d'Orbienv. 1826 
Figure 24; Plate 2, # 17 
Phleger and Parker (1951) reported a* aculeata from 270-2400 m, although we 
found it to occur in very low abundances up to 200 m. It begins to occur consistently
Fig. 6.21. Relative abundances of Bolivina ordinaria for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Fig. 6.22. Relative abundances of Bolivina subacneriensis mexicana for (a) Recent and 
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Fig. 6.23. Map of the northwestern Gulf of Mexico showing relative abundances of
Bolivina subaeneriensis mexicana for the Recent.
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Fig. 6.24. Relative abundances of Bulimina aculeata for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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below about 400 m, and is common below 650 m. It is most abundant within CMW, 
and is also common in SAJW. Its late Pleistocene distribution was quite different, as it 
was very common up to 350 m. Its abundances appear to be similar within OMW,
NAIW, and MOW, suggesting that a factor other than the water masses is controlling its 
distribution. Its upper limit may be related to the temperature of the water, but its 
abundances are probably a product of the type or amount of organic matter found in the 
sediment.
fi. aculeata is a cosmopolitan species, occurring in the Indian, Atlantic, Arctic, and 
Pacific Oceans, the Antarctic, and the Caribbean.
Bulimina alazanensis Cushman, 1927 
Figure 6.25; Plate 2, #18 
fi. alazanensis occurs in the Gulf from about 200 to 1800 m (Phleger and Parker,
1951). It is common below 450 m, and becomes rare below 1300 m. Its highest 
abundances are within SAIW and CMW, where it can be found at up to 10%. Although 
common in the Recent, it was absent from the late Pleistocene. We believe that SAIW 
was absent from the Gulf during the last glacial, and JJ. alazanensis is apparently tied to 
this water mass. This relationship has also been found in the Caribbean (Galluzzo and 
Sen Gupta, 1990). It may be that either it can only significantly reproduce within 
SAIW, or it uses SAIW as a conduit for colonization.
£. alazanensis has been reported from the Atlantic Ocean and the Caribbean. Pflum 
and Frerichs (1976) suggest that it is a subspecies of fi. rostrata. which is found in the 
Pacific and Indian Oceans.
Fig. 6.25. Relative abundances of Bulimina alazanensis for the Recent plotted against
water depth (m).
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Fig. 6.26. Relative abundances of Bulimina marginata for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Fig. 6.27. Map of die northwestern Gulf of Mexico showing relative abundances of 
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Fig. 6.28. Relative abundances of Bulimina mexicana for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Bulimina marginata d'Orbienv. 1826 
Figures 6.26, 6.27; Plate 2, # 19,20 
fi. marginata is found from 30-300 m (Phleger and Parker, 1951), although we 
found it to occur down to 550 m. It is rare in areas distal from the delta, usually less 
than 3%. Proximal to the delta it is very common, in abundances above 20%. In deltaic 
areas, £ . marpinata is often much thinner, and nearly devoid of omamentaion, a form 
which Poag and Valentine (1976) termed fi. marginata type B. During the last glacial it 
was found only above 300 m outside of the delta environment. Its distribution pattern is 
very similar to Bolivina fi. mexicana. suggesting a similar affinity for either low-oxygen 
or organic matter, but a sensitivity to cold temperatures.
fi. marpinata is found in the Pacific, Indian, and Atlantic Oceans, and the Caribbean.
Bulimina mexicana Cushman 
Bulimina inflata mexicana Cushman, 1922 
Figure 6.28; Plate 2, # 21 
Phleger and Parker (1951) report £. mexicana from 200-1000 m, with a few 
shallower and deeper occurrences. We found that its abundances corresponded very 
well with the depth range of OMW, where it was found at up to 13%. It was also most 
common in OMW during the last glacial, although it was not found above 5% distal 
from the delta. Although no clear correlation could be made between fi. mexicana and 
the deltaic environment during the Recent, it is noticeable for the late Pleistocene 
samples, as it was found up to 15% near the delta, much more common than in distal 
areas.
fi. mexicana has been found in the Pacific and Atlantic Oceans, and the Caribbean. It 
is a common constituent of the deep OMW fauna found offshore of the west coast of 
North America (Ingle and Keller, 1980).
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Bulimina spicata Phleger and Parker, 1951 
Figure 6.29; Plate 3, # 1 
]£. spicata is found from 55-1800 m (Phleger and Parker, 1951). It is most abundant 
within the well-oxygenated GW, lower SAIW, and CMW where it makes up to 17% of 
the fauna. Its distribution pattern suggest a sensitivity to dissolved oxygen content, as it 
is least common within OMW. During the last glacial the same overall trend was found, 
as it was abundant within lower SUW and MOW, while rare in upper SUW and OMW.
£. spicata has also been found in the Caribbean.
Cassidulina curvata Phleger and Parker, 1951 
Figure 6.30; Plate 3, # 9 
£ . curvata occurs in depths from 40-700 m (Phleger and Parker, 1951). It is most 
abundant within GW and OMW, although it is rarely above 5%. During the last glacial, 
its distribution was nearly identical, with its occurrences mostly restricted to SUW and 
OMW.
£, curvata is reported from the Atlantic Ocean and the Caribbean.
Cassidulina neocarinata Thalmann, 1950 
Figure 6.31; Plate 3, # 10
Phleger and Parker (1951) report £. neocarinata (as £. laevigata var. carinata) from 
40-1000 m, although we found it in our deepest sample at 1360 m. It becomes common 
at about 100 m, and is very common in GW and OMW. Below 680 m it is much less 
common, but it still occurs consistently down to at least 1360 m. Distal from the delta 
its highest abundance is 18%, but just east of the delta it reaches 25%. However, in the 
direct outflow area its abundances are lower than normal. This distribution suggests an 
affinity for organic matter and a sensitivity to very low oxygen conditions. During the
a b
Fig. 6.29. Relative abundances of Bulimina spicata for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Fig. 6.30. Relative abundances of Cassidulina curvata for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Fig. 6.31. Relative abundances of Cassidulina neocarinata for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Fig. 6.32. Relative abundances of Cassidulina subglobosa for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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late Pleistocene, £ . neocarinata had similar trends, as it was commonest within SUW 
and OMW, reaching 16% at one station. It was also relatively common within NAIW. 
£  neocarinata is found in the Atlantic Ocean and the Caribbean.
Cassidulina subplobosa Bradv. 1881 
Fig. 6.32; Plate 3, # 12 
£. subglobosa is present at nearly all depths in the Gulf (Phleger and Parker, 1951). 
It was common at all our stations, ranging from 4-30% in abundance away from the 
delta. It had a similar distribution during the last glacial, ranging from 4-20%. The only 
environment where it is not common is offshore of the delta, where abundances can be 
under 1%.
£. subgloBosa is a cosmopolitan species, occurring in the Atlantic, Pacific, and 
Indian Oceans, and the Caribbean. In the Indian Ocean, its size has been correlated to 
water depth, possibly due to the availibility of calcium carbonate (Corliss, 1979).
Cibicides bantamensis LeRov. 1941 
Figure 6.33; Plate 3, # 14a,b 
Pflum and Frerichs (1976) were the first to report £. bantamensis from the modem 
Gulf. They assigned it an upper depth limit of 400 m. We would give it an upper depth 
limit of 350 m, although it does occur as shallow as 270 m. It is rare until 450 m, 
although it is never very common, always below 2%. It is found almost exclusively 
within OMW, but can be found sporadically to 1000 m. During the late Pleistocene it 
was found from 370 to 830 m, but occurred in abundance only within OMW.
£. bantamensis has not been reported outside of the Gulf in the Recent.
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Fig. 6.33. Relative abundances of Gbicides bantamensis for (a) Recent and (b) late 
Pleistocene plotted against water depth (m).
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Fig. 6.34. Relative abundances of Gbicides wuellerstorfi for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Cibicides wuellerstorfi (Schwager)
Anomalina w u c llc r s tO lf l Schwager 1866 
Figure 6.34; Plate 4, # la,b 
£ . wuellerstorfi occurs from 700->3400 m (Phleger and Parker, 1951). It occurs 
consistently below 900 m, and is common below 1200 m. Although it never reaches 
4% in our depth range, it is found up to 20% in waters below 2000 m (Phleger and 
Parker (1951). During the last glacial it was found as shallow as 550 m (the OMW / 
NAIW boundary), due either to the colder temperatures or the shallower depth limits of 
the intermediate - and deep - water masses during the late Pleistocene. It was 
consistently found below 775 m (the NAIW / MOW boundary), and increased in 
abundance with depth.
Cibicidoides pachvdermus hathvalis Poag 
Cibicidoides "floridanus'1 (Cushman) forma bathvalis Poag, 1981 
Cibicides aff. floridanus Cushman in Phleger and Parker (1951) (in part)
Cibicides sp. 1 in Phleger and Parker (1951)
Cibicides cf. pseudoungerianus Cushman in Pflum and Frerichs (1976)
Figure 6.35; Plate 4, # 5a,b
According to van Morkhoven et al. (1986), the species identified as £. floridanus 
and £. pseudoungerianus in the modem Gulf are actually Q. pachvdermus. We, like 
Pflum and Frerichs (1976) and Poag (1981) find a cline between shallow-water 
specimens and those from deeper water. Following Poag (1981), we have used the 
name £ . pachvdermus bathvalis for the larger deep-water variant. Pflum and Frerichs 
(1976) found it from 200-2000 m. We found it in waters as shallow as 100 m, but there 
appears to be a gradation between 100-200 m. Below 200 m, no clear trend is evident, 
as it appears to be ubiquitous. This same pattern was found during the last glacial.
Fig. 6.35. Relative abundances of Cibicidoides pachydermus bathvalis for (a) Recent
and (b) late Pleistocene plotted against water depth (m).
2 5 0 -
4 5 0  
6 5 0  
8 5 0  
1 0 5 0  
1 2 5 0
Fig. 6.36. Relative ahnnriances of Cibicidoides pachvdermus sublittoralis for the 
Recent plotted against water depth (m).
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£. p. bathvalis is found in the Atlantic Ocean andthe Caribbean, although under the 
names cited above.
Cibicidoides pachvdermus sublittoralis Poag 
Cibididoides "floridanus" (Cushman) forma sublittoralis Poag, 1981 
Cibicides aff. floridanus Cushman in Phleger and Parker (1951) in part 
Cibicides floridanus not Cushman in Pflum and Frerichs (1976)
Figure 6.36; Plate 4, # 6a,b 
£ . p. sublittoralis is the smaller, shallow-water variation of £. pachvdermus. Pflum 
and Frerichs (1976) report it from 50-900 m. We found it exclusively within SML and 
upper GW, with abundances up to 15%. Due to the lack of shallow-water cores, it was 
not found in the late Pleistocene.
£. p. sublittoralis has been found in the Atlantic Ocean and the Caribbean (as £. 
floridanus).
Cibicidoides umbonatus (Phleger and Parker)
Cibicides umbonatus Phleger and Parker, 1951 
Figure 6.37; Plate 4, # 8a,b 
Phleger and Parker (1951) reported £. umbonatus from 100-350 m. We found it 
below 600 m, but it is rare below 550 m. It is most common in lower GW and upper 
OMW, but reaches only 4%. During the last glacial it was found in SUW and more 
rarely in OMW.
£, umbonatus has also been reported from the Gulf of California.
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Fig. 6.37. Relative abundances of Cibicidoides umbonatus for (a) Recent and (b) late 
Pleistocene plotted against water depth (m).
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Fig. 6.38. Relative abundances of Epistominella exieua for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Epistominella csigua (Brady)
Pulvinulina exigua Brady, 1884 
Figure 6.38; Plate 5, # 1 la,b 
Phleger and Parker (1951) reported E- exigua from 20 to 1800 m, but the shallower 
specimens were probably £• vitrea. It occurs consistently below 200 m, and is common 
below 450 m. Its relative abundances range up to 15%. It is most common in SAIW 
and upper CMW. During the late Pleistocene E- exigua was much less abundant, 
reaching only 7% in MOW, and was especially rare in OMW.
E. exigua is a species common to all of the world's oceans, and has been associated 
with Arctic Bottom Water and lower North Atlantic Deep Water (NADW) (Schnitker, 
1980). In the deep sea, it is believed to have a strong affinity for dissolved oxygen, as it 
has relative abundances above 10% only in waters with oxygen contents above 6.3 ml /1 
(Schnitker, 1979). However, in the intermediate waters of the Gulf of Mexico, this is 
not the case, as it exceeds 10% in SAIW, which has oxygen values between 4 - 5 ml /1 
(Nowlin, 1971).
Epistominella vitrea Parker, 1953 
Pseudoparella cf. exigua (Brady) in Phleger and Parker (1951)
Figure 6.39; Plate 5, # 12a,b 
Parker (1954) reports E. vitrea is common above 100 m, and rare below. Lankford 
(1959) found it to be an important component of the shallow-water delta assemblage.
We also found it to be common in our samples above 100 m, and most abundant in the 
stations offshore of the delta, reaching 10%.




Fig. 6.39. Map of the northwestern Gulf of Mexico showing relative abundances of 
Epistominella vitrea for the Recent.
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Fig. 6.40. Relative abundances of Gavelinopsis translucens for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Gavelinopsis translucens (Phleger and Parker)
"Rotalia" translucens Phleger and Parker, 1951 
Figure 6.40; Plate 6, # 12a,b 
Phleger and Parker (1951) report Q. translucens from 20-1000 m. However, like 
Pflum and Frerichs (1976), we believe that the reports above 100 m are probably of 
Rotorbinella basilica Bandy. It is rare above 250 m, and very common below that, with 
relative abundances up to 40%. It is most common in OMW, less so in SAIW, and rare 
in CMW. During the last glacial it was also very common, occurring in all of the 
samples at abundances up to 30%. It was most abundant in OMW, but was also 
common in SUW, and NAIW, and less common in MOW. Its abundances may be a 
function of the amount of organic matter in the sediment.
Q. translucens has been found in the Atlandc Ocean and the Caribbean.
Gvroidinoides laevis (d'Orbigny)
Gvroidina laevis d’Orbigny. 1826
Gvroidina orbicularis not d'Orbigny in Phleger and Parker (1951), Parker (1954),
Pflum and Frerichs (1976)
Figure 6.41; Plate 7, # la,b 
Generally described as £ . orbicularis in the Gulf, McLaughlin and Sen Gupta (MS) 
have shown that this species is very different from Q. orbicularis, and is actually £- 
laevis. It is found from 135 -1600 m (Phleger and Parker, 1951). We found that it 
becomes common in SAIW, and has its highest relative abundances in CMW, although 
never above 5%. During the late Pleistocene, it was most common in MOW.
Q. laevis has also been reported from the Caribbean, and as Q. orbicularis from the 
Mediterranean.
Fig. 6.41. Relative abundances of Gvroidinoidcs laevis for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Fig. 6.42. Relative abundances of Gvroidinoides polius for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Gvroidinoides polius (Phleger and Parker)
Eponides polius Phleger and Parker. 1951 
Figure 6.42; Plate 7, # 2a,b
Q.. polius is found from 600 to greater than 3000 m (Parker, 1954). It first occurs in 
abundance within SAIW, but is somewhat sporadic above CMW, where it is most 
common in our study range. During the last glacial it was found at up to 540 m. Its 
distribution was very similar in reference to water masses, as it occurs sporadically 
within NAIW, and becomes more common in MOW. However, as these water masses 
were shallower than their modem counterparts, £ . polius was also found shallower.
Q. polius is reported from the Caribbean and the Gulf of California.
Gvroidinoides cf. rotundimargo (Stewart and Stewart)
Gvroidina soldanii d'Orbigny var. rotundimargo Stewart and Stewart, 1930 
Plate 7 ,#  3a,b
Q . cf. rotundimargo has not been previously reported from the Gulf of Mexico, as it 
was probably lumped with £ . laevis. Q. cf. rotundimargo. however, has much 
straighter sutures, which are slightly depressed. It is not very common, never found 
above the 2% level. It is found from 300-1361 m, with its highest abundances in 
OMW. During the last glacial it was found from 440-1240 m, but no trend was 
discernible.
£ . rotundimargo has been reported from the Pacific Ocean.
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Gvroidinoides umbonatus (Silvestri)
Rotalia soldanii (d'Orbigny) var. umbonata Silvestri, 1898 
"Eponides" cf. "E." tumidulus in Andersen (1961)
Figure 6.43; Plate 7, # 4a,b 
fi. umbonatus was first reported from the Gulf by Pflum and Frerichs (1976), who 
found it from 100-3600 m. We found it to be at nearly all stations below 100 m, with 
relative abundances up to 5%. It was also ubiquitous during the late Pleistocene.
Q. umbonatus has been identified from the Atlantic Ocean and the Caribbean.
Hansenisca ESgularia (Phleger and Parker)
Eponides regularis Phleger and Parker, 1951 
Figures 6.44, 6.45; Plate 7, # 5a,b 
H. regularia is found from 150-1400 m (Phleger and Parker, 1951). We found it to 
be common in GW and OMW, but it has its highest abundances in the vicinity of the 
delta, where it is above 10%. It was more common during the last glacial, especially in 
SUW and OMW, with abundances up to 7% distal from the delta. This is likely due to 
the larger amounts of organic matter found in late Pleistocene sediments.
H. repilaria has also been reported from the Caribbean.
Neocrosbyia minuta (Parker)
Valvulineria minuta Parker, 1954 
Figure 6.46; Plate 9, # 2a,b 
££. minuta occurs from 50-3000 m (Parker, 1954). It is found in most samples, but 
is usually less than 2% in the Recent. It was very common during the late Pleistocene, 
as much as 13% of the assemblage. It was most common in lower NAIW and MOW. 
minuta has been reported from the Caribbean.
Fig. 6.43. Relative abundances of Gvroidinoides umbonatus for (a) Recent and (b) late
Pleistocene plotted against water depth (m).








Fig. 6.44. Relative abundances of Hansenisca regularia for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Fig. 6.45. Map of the northwestern Gulf of Mexico showing relative abundances of
Hansenisca regularia for the Recent
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Fig. 6.46. Relative abundances of Neocrosbvia minuta for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Nummoloculina irregularis (d'Orbigny)
Biloculina irregularis d'Orbigny, 1839 
Plate 9, # 8
£1. irregularis has only been reported from the modem Gulf by Parker (1954), who 
found it from 300-400 m and 1000-2500 m in the northeastern Gulf. We found it in 
most of the late Pleistocene samples, at abundances up to 3%. No clear depth trend was 
evident. In core 1744 it was found well into the Holocene.
H- irregularis has also been found in the Atlantic Ocean and the Caribbean. In the 
Caribbean it has a similar trend as in the Gulf, as it is found in the late Pleistocene and 
the early Holocene, but is either very rare or absent from the modem (Gaby and Sen 
Gupta, 1985).
Planorbulina farcta (Fichtel and Moll) var. ungeriana (d'Orbigny) subvar. culter Parker 
and Jones, 1865 
Figure 6.47; Plate 10, # la,b 
Q. culter was reported by Phleger and Parker (1951) from 600-1600 m, however 
Parker (1954) found it as shallow as 400 m in the northeastern Gulf. We found it to 
occur up to 500 m, but it is common only below 650 m, in SAIW and CMW. Relative 
abundances reached 8%. It was not found in the late Pleistocene, and so, like £. 
alazanensis. is probably somehow tied to SAIW. This relationship is also found in the 
Caribbean (Galluzzo and Sen Gupta, 1990).
Q. culter is found in the Atlantic, Pacific, and Indian Oceans and the Caribbean.
Todd (1965) showed that Q. bengalensis (Schwager) is a junior synonym of Q. culter.
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Fig. 6.47. Relative abundances of Osanpularia culter for the Recent plotted against 
water depth (m).
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Fig. 6.48. Relative abundances of Sphaeroidina bulloides for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Sphaeroidina bulloidcs d'Orbigny, 1826 
Figure 6.48; Plate 13, # 1 ,2a,b
S. hulloides occurs in the Gulf from 100-3000 m (Parker, 1954). It was found in 
nearly all of the Recent samples, and was most common (6%) in OMW, The subspecies 
2. bulloides. A, which has more chambers than the normal form, is restricted to 100- 
300 m. £■ bulloides was less common during the late Pleistocene, below 3%  at all but 
one station. The area graph for the last glacial is somewhat misleading, as the large 
increase in MOW is due to only one sample, and is probably not significant.
£. bulloides is reported from the Atlantic and Pacific Oceans and the Caribbean.
Tosaia weaveri Seiglie and Bermudez, 1966 
Figure 6.49; Plate 13, # 11
I .  weaveri was first reported from the Gulf by Pflum and Frerichs (1976). They 
found it from 350-2400 m. However, we found it as shallow as 150 m, although it 
does not occur consistently until 250 m. It is most abundant in lower OMW and SAIW, 
but usually below 5%. It had a similar distribution during the last glacial, as it was 
common only within NAIW.
X- weaveri has also been found in the Caribbean.
Uvigerina hispido-costata Cushman and Todd, 1945 
Figure 6.50; Plate 14, # 7
II. hispido-costata occurs in the Gulf between about 200 to 1000 m (Phleger and 
Parker, 1951). It is not particularly common, reaching only 3%  in our study, but it is 
rarely found outside OMW, and so may be a potential indicator species. Although rare 
in the Pleistocene, its occurrences were restricted to 300 - 570 m, again almost entirely 
within OMW. U. mediterranea has been confused with II. hispido-costata in early
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Fig.6.49. Relative abundances of Tosaia weaveri for (a) Recent and (b) late Pleistocene
plotted against water depth (m).
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Fig. 6.50. Relative abundances of Uvigerina hispido-costata for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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studies within the Gulf (listed as II. cf. hispido-costata by Phleger and Paiker, 1951).
II- mediterranea is usually larger, especially in the initial chambers, has fewer, thicker 
costae, and is generally non-hispid. It is also usually found in deeper water than U. 
hispido-costata. as noted by Pflum and Frerichs (1976).
II. hispido-costata has been reported from the Atlantic Ocean and the Caribbean.
Uvigerina laevis Gogs
Uvigerina auberiana d'Orbigny var. laevis Go6s, 1896 
Figure 6.51; Plate 14, # 8 
U. laevis is reported to occur from 30-300 m (Phleger and Parker, 1951), although 
we found in low abundances to 650 m. It is common only within GW, with relative 
abundances up to 17%. It w4s nearly restricted to SUW during the late Pleistocene, 
with only a few occurrences below 350 m. It was not as common at that time, although 
that may be due to sampling
II. laevis also occurs in the Atlantic Ocean and the Caribbean.
Uvigerina parvula Cushman
Uvigerina peregrina Cushman var. parvula Cushman, 1923 
Figure 6.52; Plate 14, # 9 
II. parvula was found by Phleger and Parker (1951) from 45-200 m, but we found it 
to occur to 550 m. It is common in lower SML and GW, with relative abundances up to 
22%. It was rare in the study area during the last glacial, as it was restricted to SUW, 
and did not reach even the 2% level. Like II. laevis. this may be due to sampling.
II. parvula has been reported from the Atlantic Ocean and the Caribbean.
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Fig. 6.51. Relative abundances of Uvigerna laevis for (a) Recent and (b) late 
Pleistocene plotted against water depth (m).
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Fig. 6.52. Relative abundances of Uvigerina parvula for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Uvigerina nereerina Cushman. 1923 
Figure 6.53; Plate 14, #10,11
12. peregrina is found from 50-1850 m (Phleger and Parker, 1951). As noted by 
Pflum and Frerichs (1976), it occurs in several different fonns in the Gulf. In the 
shallow portion of its range it is generally small, becoming larger within OMW. In 
SAIW the dominant form becomes 12- E- dirupta. which is hispid in its final chamber(s). 
These form changes may be responsible for 12. pereerina's distribution pattern. We 
found it abundant in upper OMW, with relative abundances up to 15%. Between 500 
and 650 m it is much less common, but in SAIW abundances again range up to 15%. In 
GW and CMW it is usually at 5% or less. 12. peregrina was also ubiquitous during the 
last glacial, but it was not quite as common, with no samples containing more than 10%. 
The same general trend was present, with its lowest abundances in lower OMW. Deep- 
sea studies have correlated the distribution of 12. peregrina with low amounts of 
dissolved oxygen or high amounts of organic carbon (Miller and Lohmann, 1982). We 
are unable to shed any light on its preferences.
12- peregrina is found in the Atlantic, Indian, and Pacific Oceans, and the Caribbean.
Valvulineria mexicana Parker, 1954
Valvulineria cf. Y- araucana d'Orbigny in Phleger and Parker (1951)
Plate 14, # 12a,b
Y- mexicana is found from 170-3000 m (Parker, 1954). It is not very common 
except near the delta. We only found it in abundances up to 3%, but Parker (1954) 
reports it in abundances of over 10% near the delta. This same association is evident 
during the late Pleistocene, but once again with abundances only up to 3%.
Y- mexicana has also been found in the Caribbean. Pflum and Frerichs (1976) 
suggested that it is a junior synonym of Y- complanata d’Orbigny.
Fig. 6.S3. Relative abundances of Uvigerina peregrina for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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Fig. 6.54. Relative abundances of "Valvulineria opima" for (a) Recent and (b) late
Pleistocene plotted against water depth (m).
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"Valvulineria opima" as identified in Pflum and Frerichs (1976)
Figure 6.54; Plate 15, # la-c 
The species identified as "Y. opima" by Pflum and Frerichs (1976), is not a 
Valvulineria. as the apertural flap is on the dorsal side. It is neither synomymous with 
Nonionella opima. as suggested by Finger (1981), or Discorbis opima. as suggested by 
Culver and Buzas (1981). It was found by Pflum and Frerichs (1976) to have an upper 
depth limit o f450 m. We found it to occur as shallow as 100 m. No trend with depth is 
apparent in the Recent, as it is found at similar abundances in most samples from below 
400 m. During the last glacial, "Y- opima" was much more abundant, with relative 
abundances up to 26%. It averaged 10% in OMW and NAIW, and was even more 
common in MOW.
"Valvulineria1' A 
Figure 6.55; Plate 15, # 2a-c 
"Valvulineria" A, although similar in form to the Eocene species, Y  advena. has 
"teeth" along the sutures, distinguishing it from any other known species of 
Valvulineria. It has not been found in the Recent Gulf, but occured in abundances up to 
15% during the late Pleistocene. In core 1744 it disappeared during the shift in water 
masses at approximately 13,000 yBP, suggesting a tie to NAIW. It was most common 
in lower GW, OMW, and NAIW.
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Fig. 6.55. Relative abundances of "Valulineria" A for the late Pleistocene plotted 
against water depth (ra).
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Foraminifera and Water Mass Boundaries
As first shown in Denne and Sen Gupta (1988), the distribution patterns of some of 
the species discussed in the previous section are related to water mass boundaries. Each 
of the boundaries present within our study area during the Recent and late Pleistocene 
will be discussed below, mainly in terms of upper and lower depth limits of occurrence 
and abundance of species. The depth limits were determined in terms of consistent, and 
not absolute, occurrences. The limits of abundance are the depths at which the relative 
abundance of a species greatly increases or decreases.
The boundary between SML and GW (100 m) may be the most significant faunal 
boundary in the Gulf (Phleger, 1960). The large number of species with upper depth 
limits certainly attest to this.
























Lower Depth Limits of Occurence
Hanzawaiastrattoni Tcxtularia maypri
Upper Depth Limits of Abundance
Cassidulina neocarinata
Lower Depth Limits of Abundance
Bolivina fragilis
The GW / OMW boundary is at approximately 250 m. A number of species common 
to the intermediate water masses become common at this depth. There are also a 
significant number of species with upper and lower depth limits at this boundary. 
Phleger and Parker (1951) placed one of there fauna! boundaries at 200 m, close to this
water mass boundary.







Uvigerina peregrina dirupta 
Lower Depth Limits of Occurrence 
Cancris sagra
Marginuloosis mareinuloides 












Lower Depth Limits of Abundance
Bolivina subaeneriensis mexicana Bulimina m gpn ata
Uvigerina laevis Uvigerina parvula
The deeper water boundaries are distinguished mostly by changes in the abundance 
of species, as much fewer species have depth limits at these boundaries. The OMW / 
SAIW boundary is at about 650 m.
Upper Depth Limits of Occuirence
Cibicides rugosus Cibicides wuellerstorfi
Gvroidinoides polius
Lower Depth Limits of Occurrence
BoliVina minima Cibicidoides umbonatus
Uvigerina hispido-costata
Upper Depth Limits of Abundance
Qsangularia culter
Lower Depth Limits of Abundance
Bulimina mexicana Cassidulina curvata
Cassidulina neocarinata
The changes at the SAIW / CMW boundary (- 1000 m) are very subtle, possibly due 
to dilution of SAIW before it reaches the Gulf (chapter 3).
Upper Depth Limits of Abundance
Cibicides wuellerstorfi Gvroidinoides laevis
Gvroidinoides nolius
Lower Depth Limits of Abundance
Bolivina ordinaria Gavelinopsis transiucens
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There were only 3 water mass boundaries within our late Pleistocene study area. The 
first is interpreted to be at approximately 350 m, between SUW and OMW. This 
boundary is fairly prominent, with a large number of species having depth limits near 
this depth.











Upper Depth Limits of Abundance 
Bulimina aculeata 












The next boundary was present at about 570 m, between OMW and NAIW. 
Although it is at about the same geographic location as the OMW / SAIW boundary, it 
differs significantly, as numerous species dominant in OMW continue to be abundant in 
NAIW, while they drastically decrease in SAIW.
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Upper Depth Limits of Occurrence 
Cibicides rugosus 
Cibicidoides mundulus 







Lower Depth Limits of Abundance 
Cassidulina curvata
The lowermost water mass boundary in the study area was present at 775 m, 
between NAIW and CMW. It is similar to the SAIW / CMW boundary in the Recent. 
Lower Depth Limits of Occurrence 
Cibicides bantamensis 
Upper Depth Limits of Abundance
Cibicides wuellerstorfi Qyrcidinoides laevis
Gvroidinoides polius Qridorsalis rengr
Lower Depth Limits of Abundance
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Chapter 7
Foraminiferal Paleobathymetric Zones in the 




A comparison of the Recent and late Pleistocene (15,000 yBP) distributions of 
common bathyal benthic foraminifera from the northwestern Gulf of Mexico reveal that 
these distributions have changed over time. These changes can have a large impact on 
the paleobathymetric interpretations made with foraminifera, using either the upper depth 
limit method or the generic predominance method. Of the 18 calcareous species with 
upper depth limits in the study area (283 - 1341 m), 4 had shallower upper depth limits, 
and 4 had deeper upper depth limits during the late Pleistocene. Most of the species 
with different distributions had depth limits in the vicinity of water mass boundaries 
whose positions changed over time. Six genera were found to be predominant in the 
study area during the last glacial, two of which are not predominant at present. The 
genus Bolivina was much less common during the late Pleistocene, while "Valvulineria" 
was much more common. Another genus, "Eponides". was predominant in much 
shallower waters at that time. All of these changes in generic abundances would have a 
large effect on any paleobathymetric interpretations made using the generic 
predominance method. An attempt to estimate the paleodepths of the late Pleistocene 
samples using the upper depth limit method yielded depths ranging from 186 m deeeper 
to 514 m shallower than the "actual" water depth, estimated from the probable sea level 
at that time. As it appears that water masses play a significant role in foraminiferal 




Since the time of Natland's (1933) demonstration that the distribution of benthic 
foraminifera is related to water depth, these organisms have become a primary means for 
paleobathymetric interpretations. This has created an impetus for the study of the 
distribution patterns of benthic foraminifera, particularly in regions with active offshore 
drilling, such as the Gulf of Mexico. The Gulf has been the site of 4 major studies of 
foraminiferal distribution in waters beyond the shelf: Phleger and Parker (1951), Parker 
(1954), Pflum and Frerichs (1976), and this study. A primary goal of the first 3 studies 
was to set up depth zonations for the Gulf. Other workers have also proposed depth- 
zonation schemes for the Gulf, generally using data from earlier studies. These include 
Albers et al. (1966), Poag (1981), Pielou (1979), and Culver (1988).
The most common type of depth-zonation scheme utilizes upper depth limits of 
chosen species. An upper depth limit is the depth above which a species is either very 
rare or does not occur. Lower depth limits are generally not useful, because of 
downslope transport of specimens; the zonation put forth by Pflum and Frerichs (1976) 
is based entirely on upper depth limits.
There is some evidence, however, that the upper depth limits of some species may 
have changed drastically over time. Blake and Douglas (1980) found that Melonis 
pompilioides. a species present only in waters deeper than 2000 m in the modem 
oceans, was present up to the 1400 m depth during the late Pleistocene, a change of 600 
m; it was speculated that this change in depth distribution was due to a shift in the water 
masses.
Is it possible that the depth adaptations of Gulf of Mexico foraminifera have changed 
between the late Pleistocene and the Recent, and thus have an effect on paleobathymetric 
interpretations? To test this, we have compared the modem and late Pleistocene (15,000
2 5 9
yBP) depth ranges of numerous common species and have examined the relative 
abundances of predominant genera in the modem samples and in 61 samples dated at
15,000 yBP. These were originally reported on in chapters 4-6.
Oceanography and Sea Level
The oceanography of the Gulf of Mexico has been reviewed at length by Nowlin 
(1971) and Morrison et al. (1983), and summarized in chapter 3. Only a brief summary 
will be given here.
The northwestern Gulf of Mexico has 6 major water masses (Fig. 3.4). These water 
masses are the Surface Mixed Layer (SML)(0-100 m), Gulf Water (GW)(100-250 m), 
Oxygen Minimum Water (OMW)(250-650 m), Subantarctic Intermediate Water 
(SAIW)(650-1000 m), Caribbean Midwater (CMW)(1000-1500 m), and Gulf Basin 
Water (1500-3660 m) (Nowlin, 1971; Morrison et al., 1983).
During the last glacial, 4 water masses covered the study area (chapter 4) (Fig. 4.6). 
These are the Subtropical Underwater (SUW)(100?-350 m), OMW (350-570 m), North 
Atlantic Intermediate Water (NAIW)(570-775 m), and Mediterranean Outflow Water 
(MOW)(775->1241 m). MOW is one of the major components of CMW, and so there 
is probably little difference in their characteristics. The estimated temperatures average 
1.5° C colder for the late Pleistocene at a given depth than during the Recent (Brunner 
and Cooley, 1976).
Sea level during the late Pleistocene is still a hotly debated question. Most studies 
have been based on geomorphology; some have used C-14 dates, especially on shallow- 
water molluscs, such as oysters (see Poag, 1973, for summary). One of the latest 
studies yielded an estimate of -125 m during the maximum sea level lowstand (18,000 
YBP), and -90 m at 11,500 YBP (Benyhill, 1987). For our purposes -100 m is precise
2 6 0
enough, so all late Pleistocene depths given in the following sections have been 
estimated by subtracting 100 m from the modem water depth.
Upper Depth Limits
As our shallowest late Pleistocene sample was from a late Pleistocene water depth of 
183 m, we were limited as to the number of species whose upper depth limits could be 
examined. Eighteen calcareous species were found to have their true upper depth limits 
in the study area during both the Recent and late Pleistocene (Table 7.1). Few of the 
aggludnated taxa found in these depths in the modem were seen in the late Pleistocene, 
due to disaggregation (Denne and Sen Gupta, 1989). Ten of the relevant species 
appeared to have the same distribution during the two time periods. These were 
Caribeanella mexicana. Cibicides bantamensis. Cibicidoides mundulus. C. 
robertsonianus. Ehrenberpina trigona. Fursenkoina seminuda. Gvroidinoides altiformis. 
£ . laevis- Oridorsalis umbonatus. and Planulina arimingnsis.
Four species were found in shallower waters during the last glacial, as much as ISO 
m shallower. Three of these species, Cibicides rugosus. Q. wuellerstorfi. and 
Gvroidinoides polius. have their modem upper depth limits near the boundary between 
OMW and SAIW, and near the boundary between OMW and NAIW (SAIW's 
counterpart), during the late Pleistocene. This suggests that these species' distributions 
are controlled in some part by water masses. They occur in shallower water during the 
late Pleistocene because NAIW was shallower than SAIW, or because the water was 
colder during the last glacial. Temperature may also have played a role for the fourth 
species, Bulimina aculeata. as its upper depth limit appears to be at the same temperature 
during both time periods. However, the much higher abundances exhibited by fi.
Table 7.1. Recent and late Pleistocene upper depth limits for 18 bathyal species based 





























































aeuleata in the shallow portion of its range during the late Pleistocene indicates that the 
type or amount of organic matter may also be a factor (chapter 6).
Four species apparently had their upper depth limits in somewhat deeper water 
during the last glacial. The smaller sample coverage for that time period makes this 
somewhat tenuous, as these species may have been missed near their uppermost limit, 
where they are rare, and not found until they become common, below their actual depth 
limit. Three species. Laticarinina pauperata. Osangularia rugosa. and Uvigerina 
peregrina dirupta. have similar depth limits at both times, and have their highest 
abundances in SAIW and CMW during the Recent Their modem upper depth limits are 
at or below the GW / OMW boundary, and are at or below the SUW / OMW boundary 
during the last glacial, which is 100 m deeper than the GW / OMW boundary. The 
fourth species, U. hispido-costata. which is commonest within OMW, has its upper 
depth limits SO m above the boundaries mentioned above, and also has a deeper upper 
depth limit during the last glacial. Thus, all of these species indicate that the exact 
locations of water masses have some control over their distributions.
Six bathyal species were found to be restricted to one of the two time periods. 
Bulimina alazanensis and Osangularia culter. indicator species of SAIW (chapter 4), and 
Sagrinopsis dimorpha. a rare species also associated with SAIW, were not found in any 
of the late Pleistocene samples. As £. alazanensis and Q. culter have been reported 
from the middle Pleistocene of the Gulf (LeRoy and Levinson, 1974), their absence 
during the last glacial must be tied to the absence of SAIW at that same time (chapter 4). 
Three species, Nummoloculina irregularis. Valvulineria A, and Alliatina A, were found 
only in the late Pleistocene. &  irregularis has been reported from the modem 
northeastern Gulf (Parker, 1954), but in the Caribbean, H- irregularis has also been 
reported to occur in the late Pleistocene but not in the Recent (Gaby and Sen Gupta,
2 6 3
1985). Valvulinera A is very common in the late Pleistocene, with relative abundances 
of up to 15%. These three species may be related to the influx of NAIW at that time.
We also noted that several species had very different relative abundances during the 
two time periods. "Valvulineria opima" shows the most drastic changes. It is common 
in the Recent, but is rarely found at abundances above 5%. During the late Pleistocene, 
however, it was found at abundances up to 26%. Neocrosbvia minuta was also more 
common during the last glacial. Four species were much less abundant during the late 
Pleistocene. Two of these (Bolivina albatrossi. Epistominella £&igna) are very common 
in the modem Gulf between 250-1500 m , while the other two (Bolivinita abrupta. 
Uvigerina hispido-costatal. although not particularly common in the modem, were much 
rarer in the late Pleistocene. All of these changes in relative abundance may be explained 
by changes in the water masses or in the organic matter content of the substrate.
Generic Predominance
Another method, which has recently come into prominence, uses generic 
predominance to estimate paleobathymetry (e. g. Poag, 1981). Introduced by Walton 
(1964), it relies on the abundances of common genera. Although the zones produced 
are broader than those from upper depth limit schemes, the generic predominance 
method can be used farther back in time, due to the longer timespan of genera over 
species.
Poag (1981) identified 13 generic predominance facies in the modem Gulf of 
Mexico, four of which are of interest here. The Brizalina facies circles the Gulf on the 
upper slope, and was correlated to SUW, GW, and OMW. The Bulimina and 
Islandiella facies were found under SAIW, CMW, and sometimes GBW. The Eponides 
and Eponides-Nuttalides facies are from underneath GBW (Poag, 1984).
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Table 7.2. Late Pleistocene samples (given by estimated paleodepth) in which the 6 
genera are predominant or co-predominant.
Bolivina Bulimina Cassidulina "Eponides" GavelinoDsis "Valvulineria'
183 371 183 498 270 429
211 629 211 563 463 539
216 787 270 670 498 563
246 1223 301 693 519 727
251 1230 330 696 537 738
291 337 712 543 781
366 424 746 567 903
424 479 775 574 1214
434 479 778 626 1241
479 498 781 705













Six generic assemblages were found to be predominant or co-predominant in at least 
one late Pleistocene sample (Table 7.2). In the context of generic predominance, we 
have used Poag's (1981) definition of the genus Eponides. although few of the species 
are now placed in this genus. Grossly, Bolivina (Brizalina of Poag) was predominant in 
SUW and OMW, Cassidulina flslandiella of Poag) in SUW, OMW, and NAIW, 
"Eponides" in NAIW and MOW, while Bulimina was widely scattered. Two genera not 
recognized as predominant by Poag (1981) are Gavelinopsis. found under OMW, and 
"Valvulineria" (not Valvulineria Cushman, 1926), which is composed of the species 
"Valvulineria opima" of Pflum and Frerichs (1976), and is predominant in MOW.
These were not found to be predominant in the Recent, because Gavelinopsis 
translucens is under-repoTted in Phleger and Parker (1951), a major source of Poag's 
(1981) data base (see Denne and Sen Gupta, 1989), and "Valvulineria opima". as 
mentioned earlier, is much more common during the late Pleistocene.
All of these genera are somewhat scattered in their predominance, leading us to 
question their value in paleoenvironmental interpretations. A comparison of Recent and 
late Pleistocene generic abundances with (using only those samples outside of the "delta 
effect" area) reveals large differences between the two time periods (Fig 7.1). Bolivina 
is much less common during the late Pleistocene, as it exceeds the 20% abundance level 
in many of the Recent samples, but is this abundant in only 10% of the late Pleistocene 
samples. As noted in chapter 6, this is not due to taphonomy, as there was no apparent 
differences in the presrvation of the Recent and late Pleistocene samples. "Valvulineria" 
shows the opposite trend, with more than 50% of the late Pleistocene samples with 
abundances above 10%, a level that it does not attain in the modem. The other genera 
also show differences, but none as large as the two aforementioned genera.
Fig. 7.1. Recent and late Pleistocene relative abundances of 6 common genera, plotted 
against depth (m). Shown an: (a) Bolivina. (b) Bulimina. (c) Cassidulina. (d) 
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If one attempted to estimate the paleobathymetry of the late Pleistocene samples using 
the generic predominance method alone, the 12 samples where "Eponides" was 
predominant would be placed in abyssal depths, and the "Valvulineria" -rich samples 
would be an anomaly. Although Poag (1981) did not find a Gavelinopsis facies, it is 
most common within OMW during the Recent, as it is in the late Pleistocene, and so an 
accurate placement would be achieved. The other genera would yield estimates between 
these two ends in their accuracy. We are not enthusiastic about the potential of generic 
predominance studies in paleoenvironmental interpretaions.
Discussion
To directly test the upper depth limit paleobathymetric model, we estimated the 
paleodepths of the late Pleistocene samples using: (a) only the quantitative data (chapter 
4), and (b) both the quantitative and presence/absence data (Fig. 7.2). The latter data 
set has a higher likelihood of detecting species at very low abundances. When plotted 
against the "actual" paleodepth (found by subtracting 100 m from the modem depth), 
both data sets yield results that mostly lie at discrete levels. This is because most of the 
estimates were based on only a few species (Bulimina aculeata. Cibicides bantamensis. 
Gvroidinoides polius. Cibicides wuellerstorfi. and Nuttalides dfiggrata). Obviously, this 
is why most zonations are set up to define somewhat wide-ranging bathymetric zones, 
and not to pinpoint the water depth. Thus, if one was to put numbers to these depth 
estimates, such as was done here, underestimation of the paleodepth is to be expected, at 
least until the top of the next zone is reached. Our underestimates of paleodepth ranged 
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Fig. 7.2. Calculated paleobathymetric curve against "actual" paleodepth (estimated by 
subtracting 100 m) for the late Pleistocene samples, using (a) quantitative data, and (b) 
presence /  absence data
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Unfortunately, we also found a number of samples whose depths were 
overestimated. These are caused by the shallower occurrences of certain indicator 
species during the last glacial, as discussed earlier. Although generally smaller than the 
underestimates, they still ranged up to 160 m for the quantitative data set, and 186 m for 
the combined data set The latter data contained a higher number of overestimates, due 
to the increased number of species identified in the samples.
If paleoenvironmental indicator species, such as Osangularia rugosa. can change their 
upper depth limits as much as 100 m in such a short time span, when water masses were 
fairly similar, it is quite possible that further back in time, changes could be even more 
dramatic. As the generic predominance method is often used in the Paleogene, the 
problems for it are probably even worse. The only solution may be to first obtain some 
understanding of the paleoceanography of the time, determine how this affected the 
foraminifera, and then estimate the paleobathymetry in individual sections, against the 
background of paleoceanography.
Summary and Conclusions
1. Two methods of estimating paleobathymetry were tested, using benthic foraminifera 
data from the Gulf of Mexico. The first method utilizes the upper depth limits of 
indicator species, and is primarily used in the Neogene. The second, more general, 
method is based on predominant genera, and is often used in the Paleogene.
2. Of 18 common calcareous, bathyal species, 4 had upper depth limits above their 
Recent limits, and 4 had lower upper depth limits during the late Pleistocene. Six rare to 
common species were found to be restricted to either the Recent or late Pleistocene.
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3. These changes in foraminiferal distribution are inferred to be primarily a result of a 
shift in the position and types of water masses. Temperature and organic matter may 
also have played a role for certain species.
4. Six genera were found to be predominant in the study area during the late 
Pleistocene, two of which were not found to be predominant in the Holocene (Poag, 
1981). Most were predominant in the same general depth range as during the Recent, 
although all were somewhat scattered. "Eponides" was found to be predominant in 
much shallower water during the late Pleistocene.
2 7 3
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1. Abditodentrix pseudothalmanni (50 nmV
2. Adereotrvma elomerata f75 uml.
3. Alabaminella turgida A. dorsal view (29 nm), B. ventral view (50 Jim).
4. Alfiredosilvestris levinsoni (100 uml.
5. Alliatina A A. dorsal view (29 |im), B. ventral view (29 Jim).
6. Ammonia parkinsoniana A. dorsal view (75 jam), B. ventral view (75 |im).
7. Amphicorvna hispida (150 uml.
8. Amphicorvna sublineata f 100 fiml.
9. Amphisteeina gibbosa (150 mil.
10. Angulogerina bella (75 urn).
11. Anguloperina iamaicensis (50 iimV
12. Anomalinoides deprimus A. dorsal view (75 ^m), B. ventral view (75 |im).
13. Anomalinoides io A. dorsal view (75 nm), B. ventral view (75 (im).
14. Archaias compressus (286 |im).
15. Astrononion tumidum 175 iiml.





1. Bieenerina irregularis (75 Liml
2. Bolivina alata (100 pm).
3. Bolivina albatrossi f 100 um).
4. Bolivina barbata (100 pm).
5. Bolivina fragilis f75 pm).
6. Bolivina goes si (50 urn).
7. Bolivina hastata (50 pm).
8. Bolivina lowmani (50 uml
9. Bolivina minima (SO pm).
10. Bolivina ordinaria f50 urn).
11. Bolivina pusilla (50 Urn).
12. Bolivina striatula spinata (75 mm).
13. Bolivina subaeneriensis mexicana (75 pm).
14. Bolivina translucens (50 uml.
15. Bolivinita abruota (50 um).
16. Buccella hannai A. dorsal view (75 pm), B. ventral view (50 pm).
17. Bulimina aculeata (100 pm).
18. Bulimina alazanensis (75 uml.
19. Bulimina marginata (100 uml.
20. Bulimina marpinata type B (50 pm).
21. Bulimina mexicana (100 pm).
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1. Bulimina spicata (100 fimV
2. Bulimina tenuis (50 Ltml.
3. Buliminella eleeantissima (50 Mm).
4. Buliminella morcani (50 um).
5. Cancris sagra A. dorsal view (100 |im), B. ventral view (100 Mm).
6. Caribeanella mexicana A. dorsal view (75 Mm), B. ventral view (75 Mm).
.7. Cassidulina carinata (29 Mm).
8. Cassidulina grassa 0 5  Mm).
9. Cassidulina curvata (50 Liml,
10. Cassidulina neocarinata (75 pml.
11. Cassidulina noncrossi australis (50 Mm).
12. Cassidulina subglobosa (50 uml.
13. Chilostomella oolina (100 urn).
14. Cibicides bantamensis A. dorsal view (100 Mm), B. ventral view (100 Mm).
15. Cibicides rugosus A. dorsal view (150 Mm), B. ventral view (150 Mm).




1. Cibicides wuellerstorfi A. dorsal view (100 (im), B. ventral view (100 (im).
2. Cihicidoides incrassatus A. dorsal view (150 (im), B. ventral view (150 (im).
3. Cihicidoides mollis A. dorsal view (50 (im), B. ventral view (50 |im).
4. Cihicidoides mundulus A. dorsal view (100 (im), B. ventral view (100 (im).
5. Cihicidoides pachvdermus bathvalis A. dorsal view (150 (im), B. ventral view 
(150 (tm).
6. Cihicidoides pachvdermus sublittoralis A. dorsal view (75 (tm), B. ventral view 
(75 (im).
7. Cihicidoides robertsonianus A. dorsal view (150 (im), B. ventral view (150 (im).
8. Cihicidoides umbonatus A. dorsal view (75 (im), B. ventral view (75 (im)r
9. Comuloculina inconstans (100 um).
10. Comusoira olanorbis (100 um).
11. Cribrostomoides wiesneri (75 Um).








1. Clavulina mexicana (200 pm).
2. Cvclammina cancellata f 150 pm).
3. J2£ntalMalbatiEsa(200pm).
4. Discorbinella bertheloti A. dorsal view (100 pm), B. ventral view (100 pm).
5. Epgerella bradyi (75 pm).
6. Eggerella propinqua (200 um).
7. Ehrenhergina spinea (50 pm).
8. Ehrenbergina trigona (75 um).
9. Elphidium discoidale (100 um).
10. Elphidium translucens (100 um).
11. Epistominella exigua A. dorsal view (75 pm), B. ventral view (50 pm).
12. Epistominella vitrea A. dorsal view (29 pm), B. ventral view (29 pm).
13. Eponides antillarum A. dorsal view (100 pm), B. ventral view (100 pm).




1. Eponides repandus A. dorsal view (150 |J.m), B. ventral view (150 |im).
2. Fissurina alatifundata (50 um).
3. Fissurina bifida (50 iim).
4. Fissurina flintiana (100 tim).
5. Fissurina laevigata (29 jtm).
6. Fissurina radiata (75 (tm)
7. Ftondicularia saggitula - juvenile (150 piiO.
8. Fursenkoina comoressa (150 urri).
9. Fursenkoina pontoni (50 urn).
10. Fursenkoina seminuda (100 uml.
11. Gaudrvina aequa (75 um).
12. Gavelinopsis translucens A. dorsal view (50 um), B. ventral view (50 |im).
13. Globobulimina affinis (150 um).
14. Globobulimina ovula (100 um).
15. Glomospira chatoides (100 um).
16. Grigelis pvrula (200 Jim).
17. Gvroidinoides altiformis A. dorsal view (100 Jim), B. ventral view (75 (im).






1. Ovroidinoides laevis A. dorsal view (100 Jim), B. ventral view (100 Jim).
2. Ovroidinoides polius A. dorsal view (50 |im), B. ventral view (50 Jim).
3. Ovroidinoides cf. rotundimareo A. dorsal view (100 um), B. ventral view (100 
Um).
4. Gvroidinoides umbonatus A. dorsal view (50 um), B. ventral view (50 fim).
5. Hansenisca regularia A. dorsal view (50 Jim), B. ventral view (50 Jim).
6. Hanzawaia strattoni A. dorsal view (75 Jim), B. ventral view (75 |im).
7. Hoeelundina elegans A. dorsal view (100 pm), B. ventral view (100 Jim).
8. loanella tumidula A. dorsal view (50 Jim), B. ventral view (50 Jim).
9. Kameriella bradvi (150 Jim),
10. Karrerulina apicularis (100 Um).
11. Lagena laevis (150 um).
12. Lagena mexicana (50 um).
13. Laterostomella spinescens (50 um).
14. Laterostomella spinicosta (50 urn).
15. Laterostomella subspinescens (75 Jim).
16. Laticarinina pauperata (150 um).




1. Lenticulina atlantica (150 n m \
2. Lenticulina calcar (150 p.m).
3. Lenticulina clericii (100
4. Lenticulina cultrata (100 u.m).
6. Lenticulina iota (286 pml.
7. Lenticulina lowmani (150 um).
8. Lenticulina orbicularis (100 \ im \
9. Liebusella soldanii (200 pm).
10. Lingulina seminuda (200 am ).
11. Mareinulina glabra (200 Limy
12. Marginulopsis glabrata (200 pm).
13. Marginulopsis marginuloides (150 llm).
14. Martinottiella communis (150 um).
15. Martinottiella occidentalis (200 um).
16. Melonis badeeanum (lQO pm).
17. Miliolinella circularis (29 pm)
numbers in parentheses refer to length of the bar in lower right hand comer

Plate 9
1. Neoconorbina terquemi A. dorsal view (100 (im), B. ventral view (100 Um).
2. Neocrosbvia minuta A, dorsal view (75 pm), B. ventral view (75 um),
3. Neolenticulina peregrina (150 um),
4. Neolenticulina villa (100 (im).
5. Nodobaculeriella cassis (200 um ).
6. Nonionella opima A. dorsal view (75 (im), B. ventral view (75 (im).
7. Nonionoides grateloupi A. dorsal view (50 (im), B. ventral view (50 |im).
8. Nummoloculina in-egularis (50 um).
9. Nuttalides decorata A. dorsal view (75 (im), B. ventral view (50 (im).
10. Polina botelliformis (50 um).
11. Polina hexagona (75 lim).
12. Pridorsalis stellatus A. dorsal view (75 |im), B. ventral view (75 (im).
13. Pridorsalis tener A. dorsal view (75 (im), B. ventral view (75 (im).
14. Pridorsalis umbonatus A. dorsal view (200 (im), B. ventral view (200 (im).
15. Pridorsalis westi A. dorsal view (75 (im), B. ventral view (75 (im).






1. Osangularia culter A, dorsal view (150 |im), B. ventral view (100 um).
2. Osangularia rugosa A. dorsal view (75 Jim), B. ventral view (75 Jim).
3. Parafissurina lateralis (50 iimY.
4. Paumotua cf. E- terebra A. dorsal view (20 Jim), B. ventral view (20 um).
5. Pavonina atlantica (150 urn'l.
6. Planorbulina mediterranensis (200 jlmV
7. Planulina ariminensis A. dorsal view (150 Jim), B. ventral view (150 um).
8. Planulina exoma A. dorsal view (75 |im), B. ventral view (75 Jim).
9. Planulina foveolata A. dorsal view (100 Jim), B. ventral view (100 pm).
10. Plectofrondicularia advena (150 |im).
11. Procerolagena gracillima (150 um).
12. Procerolaeena mollis (75 um).
13. Prolixoplecta parvula (100 urn).




1. Pseudoeaudrvina atlantica (286 Ltm).
2. Pseudonodosaria comatula (150 linri.
3. Pseudononion atlanticum A. dorsal view (100 [im), B. ventral view (100 (im).
4. Pseudononion clavatum A. dorsal view (75 um), B. ventral view (75 um).
5. Pullenia bulloides A. side view (100 (im), B. apertural view (75 (im).
6. Pullenia subcarinata A. side view (100 um), B. apertural view (100 (im).
7. Pullenia subsphaerica A. side view (75 (im), B. apertural view (50 (im).
8. Pvrgo murrhina (150 (im).
9. Pvrgo nasuta (100 (im).
10. Pvrgo serrata (100 (im).
11. Pvrgoella sphaera (100 um').
12. Quadrimorphina elabra A. dorsal view (50 (tm), B. ventral view (50 (im).
13. Quadrimorphina laevigata A. dorsal view (75 |im), B. ventral view (75 um).
14. Ouinqueloculina bosciana (50 (im't.
15. Ouinqueloculina lamarckiana (100 um).
16. Ouinqueloculina seminulum (50 um).
17. Ramulina globulifera (200 (im).
18. Rectobolivina advena 1100 um).
19. Reusella atlantica (100 (tnP.
20. Rhabdammina abvssorum (200 (im).
21. Robertinoides bradvi (75 (im).




1. Rosalina suezensis A. dorsal view (100 pm), B. ventral view (100 pm).
2. Rotorbinella basilica A. dorsal view (50 pm), B. ventral view (50 pm).
3. Rutherfordoides mexicanus A. ventral view (100 ltm), B. dorsal view (75 pm).
4. Rutherfordoides tenuis A. ventral view (100 Jim), B. dorsal view (75 Jim).
5. Saccoriza ramosa (286 pm).
6. Sagrinopsis dimorpha (100 pml.
7. Seabrw kia sadam li (50 pm).
8. Sigmoilinita distorta (75 um).
9. Sigmoilinita ellimica (75 pm).
10. Sigmoilopsis schlumbergeri (200 pm).
11. Siphonina bradvana A. ventral view (100 pm), B. dorsal view (100 pm).
12. Siphonina pulchra A. ventral view (100 pm), B. dorsal view (100 pm).
13. Siphotextularia affinis (100 um).
14. Siphotrochammina squamata A. dorsal view (100 pm), B. ventral view (100 pm).








1. Sphaeroidina bulloides (75 um).
2. Sphaeroidina bulloides A A. ventral view (75 |im), B. dorsal view (75 pm).
3. Stainforthia complanata (75 |im).
4. Textularia candeiana (100 pm).
5. Textularia conica (150 pm).
6. Textularia earlandi (75 urn).
7. Textularia foliacia occidentals (150 um).
8. Textularia mavori (100 pm).
9. Textularia mexicana (150 um).
10. Textulariella barretti (150 pm).
11. Tosaia weaveri (29 pm).
12. Trifarina bradvi (100 um).
13. Triloculina trigonula (50 um).
14. Trochammina advena A. dorsal view (50 pm), B. ventral view (50 pm).
15. Trochammina plobulosa A. dorsal view (75 pm), B. ventral view (75 pm).




1. Trochammina iaponica A. dorsal view (75 Jim), B. ventral view (75 pm).
2. Trochammina quadriloha A. dorsal view (50 pm), B. ventral view (29 pm).
3. Trochammina tasmanica A. dorsal view (50 pm), B. ventral view (50 pm).
4. Uvigerina auberiana (100 um).
5. Uvigerina flintii (150 pm).
6. Uvigerina hispida f 150 pmV
7. Uvigerina hispido-costata (150 pm)
8. Uvigerina laevis C150 pm>.
9. Uvigerina parvula (75 pm).
10. Uvigerina pereerina (100 piril.
11. Uvigerina pereerina dimnta (150 um).
12. Valvulineria mexicana A. dorsal view (75 pm), B. ventral view (75 pm).
13. Wiesnerella auriculata (50 um).
14. Cibicidina A (29 pm).
numbers in parentheses refer to length of the bar in lower right hand comer
-d /  , '
,1 * * V)
1. "Valvulineria opima” A. dorsal view (100 Jim), B. aperture (67 N .
C. ventral view (143 |im).
2. Valvulinera A A. dorsal view (143 |im), B. ventral view (143 (im),
C. aperture (50 (im).
3. Anomalinulla A A. dorsal view (143 (im), B. ventral view (143 Jim).
4. Gvroidinoides neosoldanii A. dorsal view (333 nm), B. ventral view (333 |im).
numbers in parentheses refer to length of the bar in lower right hand comer
3 0 7
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Abditodentrix pseudothalmanni (Boltovskoy and Giussani de Kahn) = Bolivinita 
pseudothalmanni Boltovskoy and Giussani de Kahn, 1981 
Adereotrvma glomerata (Brady) = LiUlflla glomerata Brady, 1878 
Alabaminella turgida (Phleger and Parker) = Eponides turgidus Phleger and Parker, 
1951
Alfinedosilvestris lgyinggni Andersen, 1961 
AlliaimA
Alveolophragmium A
Ammobaculites filifonnis Earland = Ammobaculites agglinatUS (d'Orbigny) var.
filiformis Earland, 1934 
Ammonia parkin&pniana (d’Orbigny) = Rosalina parkinsoniana. d'Orbigny 1839 
Ammonia tepida (Cushman) = Rotalia beccarii (Linn6) var. tepida Cushman, 1926 
Amphicorvna hispida (d'Orbigny) = Nodosaria hispida d'Orbigny, 1846 
Amphigoryna sublineata (Brady) = Nodosaria hispida d'Orbigny var. sublineata Brady, 
1884
Amohistegina pibbosa d'Orbigny, 1826 
Angulogerina bell a Phleger and Parker, 1951 
Angulogerina iamaicensis Cushman and Todd, 1945
Anomalinoides deprimus (Phleger and Parker) = Cibicides deprimus Phleger and 
Parker, 1951
Anomalinoides globulosa (Chapman and Parr) = Anomalina globulosa Chapman and 
Parr, 1937




Archaias compressus (d'Orbigny) = Orbicuiina compressa d'Orbigny, 1839 
Articulina mavori Cushman, 1922
Astacolus cf. crepidulus (Fichtel and Moll) = Nautilus crepidulus Fichtel and Moll, 1803 
Astacolus A
Astrononion gallowayi Loeblich and Tappan, 1953
Astrononion tumidum Cushman and Edwards, 1937
Bigenerina irregularis Phleger and Parker, 1951
Bolivina alata (Seguenza) = Vulvulina alata Seguenza, 1862
Bolivina albatrossi Cushman, 1922
Bolivina barbata Phleger and Parker, 1951
Bolivina fragilis Phleger and Parker, 1951
Bolivina gofissi Cushman, 1922
Bolivina hastata Phleger and Parker, 1951
Bolivina imoorcata Cushman and Renz = Bolivina floridana Cushman var. imporcata 
Cushman and Renz, 1947 
Bolivina lowmani Phleger and Parker, 1951 
Bolivina mavori Cushman, 1922 
Bolivina minima Phleger and Parker, 1951 
Bolivina ordinaria Phleger and Parker, 1952 
Bolivina pseudoplicata Heron-AIlen and Earland, 1930 
Bolivina pusilla Sch wager, 1866 
Bolivina striatula Cushman, 1922
Bolivina striatula spinata Cushman = Bolivina striatula Cushman var. spinata Cushman, 
1936
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Bolivina subaeneriensis mexicana Cushman = Bolivina subaeneriensis Cushman var.
mexicana Cushman, 1922 
Bolivina translucens Phleger and Parker. 1951
Bolivinita abrupta (Phleger and Parker) = Loxostomum abruptum Phleger and Parker,
1952
Buccella hannai (Phleger and Parker) -  Eponides hannai Phleger and Parker, 1951 
Bulimina aculeata d'Orbigny, 1826 
Bulimina fllaganensis Cushman, 1927 
Bulimina marpinata d'Orbigny, 1826
Bulimina mexicana Cushman = Bulimina striata d'Orbigny mexicana Cushman, 1922 
Bulimina spicata Phleger and Parker, 1951 
Bulimina tenuis Phleger and Parker, 1951
Buliminglla elegantissima (d'Orbigny) = Bulimina elegantissima d'Orbigny, 1839
Buliminella morgani Andersen. 1961
Cancris sagra (d'Orbigny) = Rotalia sagra d'Orbigny, 1839
Caribeanella mexicana (Parker) = Anomalinoides mexicanus Parker, 1954
Cassidulina carinata Silvestri = Cassidulina laevigata d'Orbigny var. carinata Silvestri,
1896
Cassidulina crassa d'Orbigny. 1839 
Cassidulina curvata Phleger and Parker, 1951 
Cassidulina mollucensis Germeraad, 1946 
Cassidulina neocarinata Thalmann. 1950 
Cassidulina norcrossi australis Phleger and Parker, 1951 
Cassidulina subglobosa Brady, 1881
Cassidulinoides parkerianus (Brady) = Cassidulina parkeriana Brady, 1881 
Chilostomella oolina Schwager. 1878
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Cibicides bantamensis LeRov. 1941 
Cibicides ruposus Phleeer and Parker, 1951
Cibicides wuellerstorfi (Schwager) = Anomalina wucllerstorfi Schwager, 1866 
CibicidinaA
Cibicidoides incrassatus (Fichtel and Moll) = Nautilus incrassatus Fichtel and Moll, 
1798
Cibicidoides mollis (Phleger and Parker) = Cibicides mollis Phleger and Parker, 1951 
Cibicidoides mundulus (Brady, Parker, and Jones) = Truncatulina mundula Brady, 
Parker, and Jones, 1888 
Cibicidoides pachydennus bathvalis Poag = Truncatulina pachvderma Rzehak, 1886 = 
Cibicidoides "floridanus" (Cushman) forma bathvalis Poag, 1981 
Cibicidoides pachvdermus sublittoralis Poag = Truncatulina pachvderma Rzehak, 1886 
= Cibicidoides "floridanus" (Cushman) forma sublittoralis Poag, 1981 
Cibicidoides robertsonianus (Brady) = Truncatulina robertsoniana Brady, 1881 
Cibicidoides umbonatus (Phleger and Parker) = Cibicides umbonatus Phleger and 
Parker, 1951
Clavulina mexicana Cushman = Clavulina humilis Brady var. mexicana Cushman, 1922 
Comviipculina inconstans (Brady) = Hauerina inconstans Brady, 1879 
Comuspira planorbis Schultze. 1854
Cribrostomoides nitidum (Goes) = Haplophragmium nitidum Goes, 1896 
Cribrostomoides scitulus (Brady) = Lituola scitulum Brady, 1881 
Cribrostomoides subglobPSHS (Sars) = Lituola subglobosa Sars, 1872 
Cribrostomoides wiesneri (Parr) = Labrospira wiesneri Parr, 1950 
Cvclammina cancellata Bradv. 1879
Dsntalina albatrossi (Cushman) = Nodosaria vertebralis (Batsch) var. albatrossi 
Cushman, 1923
3 1 3
Dentalina cuvieri (d'Orbigny) = Nodosaria cuvieri d'Orbigny, 1826 
Discammina compressa (Goes) = Lituolina irregularis Roemer var. compressa Gogs, 
1882
Discorbinella bertheloti (d'Orbigny) = Rosalina bcrihelPti d'Orbigny, 1839 
Discorbinelia floridensis (Cushman) = DiSCQlbis bertheloti (d'Orbigny) var. floridensis 
Cushman, 1930
Eggerella bradvi (Cushman) = Vemeulina bradvi Cushman, 1911 
Eggerella propinoua (Brady) = Vemeulina propinqua Brady, 1884 
Eggerella scabra (Brady) = Gaudryina scabra Brady, 1884 
Ehrenbergina spinea Cushman, 1935
Ehrenbergina trigona Gogs = Ehrenbergina serrata Reuss var. trigona Gogs, 1896 
Elphidium discoidale (d'Orbigny) = Polvstomella discoidalis d’Orbigny, 1839 
Elphidium fimbriatulum (Cushman) = Polystomglla fimbriatulum Cushman, 1918 
Elphidium translucens Natland. 1938 
Epistominglla e&igua (Brady) = Pulvinulina exigua Brady, 1884 
Epistominella vitrea Parker. 1953
Eponidgs amillarum (d'Orbigny) = Rotalina antillarum d'Orbigny, 1839 
Eponides repandus (Fichtel and Moll) = Nautilus repandus Fichtel and Moll, 1803 
Fissurina alatifundata McCulloch. 1981 
Fissurina biancae Seguenza. 1862
Fissurina bifida (Heron-Allen and Earland) = Lagena orbignvana (Sezuenza) var. bifida 
Heron-Alien and Earland, 1924 
Fissurina castanea (Flint) = Lagena castanea Flint, 1899 
Fissurina cushmani (Wiesner) = Lagena cushmani Wiesner, 1931 
Fissurina echigoensis (Asano and Inomata) = Entoselenia echigoensis Asano and 
Inomata, 1952
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Fissurina flintiana (Cushman) -  Lagena flintiana Cushman, 1923 
Fissurina laevigata Reuss. 1850
Fissurina lucida (Williamson) = Entosolenia marginata (Montagu) var. lucida 
Williamson, 1848
Fissurina marginata (Montagu) -  Vermiculum marginata Montagu, 1803 
Fissurina milletti Todd. 1954
Fissurina neptuni (Buchner) = Lagena neptuni Buchner, 1940 
Fissurina orbicarinata McCulloch. 1981 
Fissurina radiata Seguenza, 1862
Fissurina schwaeeriana (Cushman) = Lagena schwageriana Cushman, 1931 













Frondicularia saegitula van den Broeck = Frondicularia alata d'Orbigny var. saggitula 
van den Broeck, 1876
3 1 5
Fursenkoina bramletti (Galloway and Money) = Virgulina bramletti Galloway and 
Money, 1929
Fursenkoina compressa (Bailey) = Bulimina compressa Bailey, 1851 
Fursenkoina pontoni (Cushman) = Virgulina pontoni Cushman, 1932 
Fursenkoina seminuda (Natland) = Yirsulina seminuda Natland, 1938 
Gaudrvina aequa Cushman, 1947
Gavglinppsis translucens (Phleger and Parker) = "Rotalia” translucens Phleger and 
Parker, 1951
Glandulipa laevigata d'Orbigny = Nodosaria laevigata d'Orbigny, 1826 
Globobulimina affinis (d'Orbigny) = Bulimina affinis d'Orbigny, 1839 
Globobulimina ovula (d’Orbigny) = Bulimina ovula d’Orbigny, 1839 
Globobulimina pyrula (d'Orbigny) = Bulimina pvrula d'Orbigny, 1846 
Globobulimina pvrula SDinescens (Brady) = Bulimina pvrula d'Orbigny var. sninescens 
Brady, 1884
Glomospira charoides (Jones and Parker) = Trochammina squamata Jones and Parker 
var. charoides Jones and Parker, 1860 
Glomospira gordialis (Jones and Parker) = Trochammina squamata Jones and Parker 
var. gordialis Jones and Parker, 1860 
Grigelis pvrula (d'Orbigny) = Nodosaria pvrula d'Orbigny, 1798 
Guttulina pulchella d’Orbigny. 1839
Guttulina Spicaeformis (Roemer) = Polvstomella spicaeformis Roemer, 1838 
Gvroidinoides altiformis (Stewart and Stewart) = Gvroidina soldanii d'Orbigny var.
altiformis Stewart and Stewart, 1930 
Gvroidinoides laevis (d'Orbigny) = Gvroidina laevis d'Orbigny, 1826 
Gvroidinoides neosoldanif (Brotzen) = Gvroidina neosoldanii Brotzen, 1936 
Gvroidinoides polius (Phleger and Parker) = Eponides polius Phleger and Parker, 1951
3 1 6
Gvroidinoides cf. rotundimareo (Stewart and Stewart) = Gyroidina soldanii d'Orbigny 
var. rotundimargo Stewart and Stewart, 1930 
Gvroidinoides umbonatus (Silvestri) = Rotalia soldanii (d'Orbigny) var. umbonata 
Silvestri, 1898
Hansenisca regularia (Phleger and Parker) = Eponides reeularis Phleger and Parker, 
1951
Hanzawaia concentrica (Cushman) = Truncatulina concentrica Cushman, 1918 
Hanzawaia Strattoni (Applin) -  Truncatulina americana Cushman var. strattoni Applin, 
1925
Haplophragmoides k a& i (Robertson) = Trochammina bradvi Robertson, 1891 
Haplophragmoides canariensis (d'Orbigny) = Nonionina canariensis d'Orbigny, 1839 
Hpeelundina elegans (d’Orbigny) = Rotalia (Turbinulinel elegans d'Orbigny, 1826 
Hormosina globulifera Bradv. 1869
Ioanella tumidula (Bradv) -  Truncatulina tumidula Bradv. 1884 
Karreriella bradyi (Cushman) = Gaudrvina bradvi Cushman, 1911 
Kaugrulina anicularis (Cushman) = Gaudrvina apicularis Cushman, 1911 
Laevidentalina advena (Cushman) = Nodosaria advena Cushman, 1923 
Laevidentalina aphelis Loeblich and Tappan, 1986 
Laevidentalina atlantica (Cushman) = Nodosaria atlantica Cushman, 1923 
Lagyidenlalina filifcrm is (d'Orbigny) = Nodosaria ftliformis d’Orbigny, 1826 
Laevidentalina intorta (Dervieux) = Nodosaria intorta Dervieux, 1894 
Lagena alticosta Cushman = Lagena sulcata (Walker and Jones) var. alticosta Cushman, 
1913
Lagena crispata Matthes = Lagena hispida Reuss var. crispata Matthes, 1939 
Lagena hispida Reuss, 1863 
Lagena hispidula Cushman, 1913
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Lagena hoeglundi Todd and BrOnnimann, 1957
Lagena inteirupta Williamson = Lagena striata (Montagu) var. intemipta Williamson, 
1848
Lagena laevicosta Cushman and Gray -  Laeena sulcata (Walker and Boys) var.
lacvicosta Cushman and Gray, 1946 
Lagena laevis (Montagu) = Vermiculum laeve Montagu, 1803 
Lagena meridionalis Wiesner = Lagena gracilis Williamson var. meridionalis Wiesner, 
1931
Lagena mexicana Andersen. 1961 
Lagena multicostata Copeland, 1964
Lagena nebulosa Cushman = Lagena laevis (Montagu) var. nebulosa Cushman, 1923
Lagena neodesmorpha McCulloch. 1981
Lagena ollula Buchner, 1940
Lagena parvulipora Bandy, 1949
Lagena sesquistriata Bagg. 1912
Lagena setigera Millett, 1901
Lagena simplex (Reuss) = Oolina simplex Reuss, 1851 
Lagena spirata Bandy, 1949
Lagena striata (d'Orbigny) = Oolina striata d'Orbigny, 1839
Lagena striata basisenta Cushman and Stainforth = Lagena striata (d'Orbigny) var.
basisenta Cushman and Stainforth, 1945 




Laterostomella spinescens (Cushman) = Bolivina sninescens Cushman, 1911
3 1 8
Laterostomella spinicosta (Phleger and Parker) = Virgulina spinicosta Phleger and 
Parker, 1951
Laterostomella subSPiDfiSCCnS (Cushman) = Bolivina subspinescens Cushman, 1922 
Laticarinina paunerata (Parker and Jones) = Pulvinulina repanda Fichtel and Moll var.
menardii d'Orbigny subvar. pauperata Parker and Jones, 1865 
Lenticulina antillea
Lenticulina atlantica (Barker) = Robulus atlanticus Barker, 1960 
Lenticulina bowdensis (Cushman) = Cristellaria bowdensis Cushman, 1919 
Lenticulina calcar (Linn6) = Nautilus calcar Linn£, 1758 
Lenticulina clericii (Fomasini) = Cristellaria clericii Fomasini, 1895 
Lenticulina convergens (Bomemann) = Cristellaria convergens Bomemann, 1855 
Lenticulina cultrata (Montfort) = Robulus cultratus Montfort, 1808 
Lenticulina gibba (d'Orbigny) = Cristellaria gibba d'Orbigny, 1839 
Lenticulina iota (Cushman) = Cristellaria iota Cushman, 1923 
Lenticulina lowmani (Andersen) = Robulus lowmani Andersen,1961 
Lenticulina lucida
Lenticulina orbicularis (d'Orbigny) = Robulina orbicularis d'Orbigny, 1826 
Lenticulina sententrionalis (Cushman) = Cristellaria septentrionalis Cushman, 1923 




Liebusella soldanii (Jones and Parker) = Lituola soldanii Jones and Parker, 1860 
Lingulina seminuda Hantken = Lingulina costata d'Orbigny var. seminuda Hantken, 
1875
Marginulina glabra d'Orbigny, 1826
Marginulina flbcsa Cushman = Marginulina glabra d'Orbigny var. obtsa Cushman, 
1923
Marginulina striatula Cushman. 1913 
Marginulina A
Marginulonsis glabrata (Cushman) = Cristellaria subaculeata Cushman var. glabrata 
Cushman, 1923
Marginulopsis marginuloides (Goes) = Cristellaria aculeata d'Orbigny var. 
marginuloides Gods. 1896
Martinottiella communis (d'Orbigny) = Clavulina communis d'Orbigny, 1846 
Martinottiella occidentalis (Cushman) = Clavulina ocridentalis Cushman, 1922 
Melonis barleeanum (Williamson) = Nonionina barleeana Williamson, 18S8 
Miliolinella circularis (Bomemann) = Triloculina cireularis Bomemann, 1855 
Miliolinella fichteliana (d'Orbigny) = Triloculina fichteliana d'Orbigny, 1839 
Neoconorbina terquemi (Rzehak) = Discorbina terquemi Rzehak, 1888 
Neocrosbvia minuta (Parker) = Valvulineria minuta Parker, 1954 
Neolenticulina peregrina (Schwager) = Cristellaria neregrina Schwager, 1866 
Neolenticulina idlla (Cushman) = Marginulina jilla Cushman, 1947 
Nodobaculariella cassis (d'Orbigny) = Vertebralina cassis d'Orbigny, 1839 
Nodosaria subsoluta Cushman, 1923 
Nonionella opima Cushman, 1947
Nonionella turgida (Williamson) = Rotalina turgida Williamson, 1858 
Nonionellina labradoricum (Dawson) = Nonionina labradoricum Dawson, 1860 
Nonionoides grateloupi (d'Orbigny) = Nonionina grateloupi d'Orbigny, 1826 
Nummoloculina contraria (d'Orbigny) = Biloculina contraria d'Orbigny, 1846
3 2 0
Nummoloculina irregularis (d'Orbigny) = Biloculina irregularis d'Orbigny, 1839 
Nuttalides decorata (Phleger and Parker) = Pseudoparella? decorata Phleger and Parker, 
1951
Oolina alifera (Reuss) = Lagena alifera Reuss, 1870 
Oolina botellifonnis (Brady) = Lagena botelliformis Brady, 1881 
Oolina globosa (Montagu) = Vermiculum globosum Montagu, 1803 
Oolina heronalieni Haynes, 1973
Oolina hexagona (Williamson) = Entosolenia squamosa (Montagu) var. hexagona 
Williamson, 1848 
Oolina melo d’Orbigny. 1839




Oridorsalis stellatus (Silvestri) = Truncatulina tenera? Brady var. stellatus Silvestri, 
1898
Oridorsalis tener (Brady) = Truncatulina tener Brady, 1884 
Oridorsalis umbonatus fReussl = Rotalina umbonata Reuss. 1851 
Oridorsalis westi Andersen. 1961
■Osangnlaria CllllSI (Parker and Jones) = Planorbulina farcta (Fichtel and Moll) var.
ungeriana (d'Orbigny) subvar. culter Parker and Jones, 1865 
Osangularia rugosa (Phleger and Parker) = Pseudoparella? rugosa Phleger and Parker, 
1951
Parafissurina lateralis (Cushman) = Lagena lateralis Cushman, 1913 
Parafissurina malcomsonii (Wright) = Laeena laevigata (Reuss) var. malcomsonii 
Wright, 1910
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Paumotua cf. E- terebra (Cushman) = Eponides terebra Cushman, 1933 
Pavonina atlantica Cushman, 1922 
Phleeeria hvalinea Loeblich and Tappan, 1963 
Planorbulina mediterranensis d’Orbigny. 1826 
Planulina ariminensis d'Orbienv. 1826 
Planulina exoma Phleger and Parker, 1951 
Planulina foveolata (Brady) = Anomalina foveolata Brady, 1884 
Plectofrondicularia advena (Cushman) = Frondicularia advena Cushman, 1923 
Procerolagena distoma (Parker and Jones) = Lagena distoma Parker and Jones, 1864 
Procerolagena gragillima (Seguenza) = Amphorina gracillima Seguenza, 1862 
Procerolagena mollis (Cushman) = Lagena gracillima (Seguenza) var. mollis Cushman, 
1944 
Procerolagena A
Prolixoplecta parvula (Cushman) = Textularia parvula Cushman, 1922 
Pseudogaudrvina atlanrica (Bailey) = Textularia atlanticum Bailey, 1851 
Pseudonodosaria comatula (Cushman) = Nodosaria comatula Cushman, 1923 
Pseudpnonipn atlanticum (Cushman) = Nonionella atlantica Cushman, 1947 
Pseudononion clavatum (Cushman) = Nonionella clavata Cushman, 1931 
Pullenia bulloides (d'Orbigny) -  Nonionina bulloides d'Orbigny, 1846 
Pullenia subcarinata (d’Orbigny) = Nonionina subcarinata d'Orbigny, 1839 
Pullenia subsphaerica Parr, 1950 
Pullenia trinitatensis Cushman and Stainforth, 1945
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Pvrgo depressa (d'Orbigny) = Biloculina depressa d'Orbigny, 1826 
Pvrgo murrhina (Schwager) = Biloculina murrhina Schwager, 1866 
Pvrgo nasuta Cushman, 1935
Pvrgo oblonga (d'Orbigny) = Biloculina oblonga d'Orbigny, 1839 
Pvrgo phlegeri Andersen, 1951 
Eyrgflficnaia (Bailey) -  Biloculina serrata Bailev. 1861 
Pvrgo vespertilio (Schlumberger) = Biloculina vespertilio Schlumberger, 1891 
Pyrgoella sphaera (d'Orbigny) = Biloculina sphaera d'Orbigny, 1839 
Ouadrimorphina elabra (Cushman) = Valvulinaria vilardeboana Cushman var. glabra 
Cushman, 1927
Ouadrimorphina laevigata (Phleger and Parker) = YalvulinSlia laevigata Phleger and 
Parker, 1951 
Ouinqueloculina agglutinans d'Orbigny. 1826 
Ouinqueloculina bicarinata d'Orbigny, 1826 
Ouinoueloculina tosciflDa d'Orbigny, 1839 
QuinquglPCWlina candeiana d'Orbigny, 1839 
Ouinqueloculina compta Cushman. 1947 
Ouinoueloculina horrida Cushman. 1947 
Ouinqueloculina lamarckiana d'Orbigny. 1839 
Ouinqueloculina seminulum (Linn6) = Serpula seminulum Linn£, 1758 
Ouinqueloculina venusta Karrer, 1868 
OuinQueloculina vulgaris d'Orbigny, 1826 
Ramulina globulifera Bradv. 1879
Rectobolivina advena (Cushman) = Siphogenerina advena Cushman, 1922 
Reophax agglutinatus Cushman. 1913 
Reophax scorpiurus de Montfort, 1808
3 2 3
Reussella atlantica Cushman = Reussella spinulosa (Reuss) var. atlantica Cushman, 
1947
Rhabdammina abvssorum Sars. 1869 
Rhabdammina linearis Bradv. 1879 
Rhizammina aigaeformis Brady, 1879 
Robertina oceanica Cushman and Parker, 1947
Robertinoides bradvi (Cushman and Parker) = Robertina bradvi Cushman and Parker, 
1936
Rosalina bulbosa Parker, 1954
Rosalina concinna (Brady) = Discorbina concinna Brady, 1884 
Rosalina parkerae (Natland) = Discorbis parkeri Natland, 1950 
Rosalina suezensis (Said) = Discorbis suezensis Said, 1949 
Rotorbinella basilica Bandv. 1956
Rutherfordoides mexicanus (Cushman) = Virgulina mexicana Cushman, 1922 
Rutherfordoides tenuis (Phleger and Parker) = Cassidulinoides tenuis Phleger and 
Parker, 1951
Saccamina atlantica (Cushman) = Proteonina atlantica Cushman, 1944 
Sagcorhiza ramosa (Brady) = Hvperammina ramosa Brady, 1879 
Sagrinopsis dimorpha (Parker and Jones) = Uvigerina dimorpha Parker and Jones, 
1865
Saragengria Cf. fi. altifrons (Parr) = Lenticulina altifrons Parr, 1950 
Saraceneria jamaicensis Cushman and Todd = Saraceneria latifrons (Brady) var.
jamaicensis Cushman and Todd, 1945 
Seabrookia earlandi (Wright) = Millettia earlandi Wright, 1891 
Sigmoilinita distorta (Phleger and Parker) = Sigmoilina distorta Phleger and Parker, 
1951
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Sipnoilinita elliptica (Galloway and Wissler) = Sigmoilina elliptica Galloway and 
Wissler, 1927
Sigmoilinita tenuis (Czjek) = Ouinqueloculina tenuis Czjek, 1848 
Sicmoilopsis schlumbergeri (Silvestri) = Sigmoilina schlumbergeri Silvestri, 1904 
Siphonina bradyana Cushman, 1927 
Siphonina pulchra Cushman. 1919
Siphonodosaria calomorpha (Reuss) = Nodosaria calomorpha Reuss. 1826 
Siphotextularia affinis (Fomasini) = Sagrina affinis Fomasini, 1883 
Siphotextularia rolshauseni Phleger and Parker, 1951
Siphotrochammina squamata (Jones and Parker) = Trochammina sauamata Jones and 
Parker, 1860 
Sphaeroidina bulloides d'Orbigny, 1826
Stainforthia gomplanata (Egger) = Virgulina schreibersiana Czjzek var. complanata 
Egger, 1893 
Stetsonia minuta Parker, 1954 
Suggrunda porosa Hoffmeister and Berry, 1937 
Svratkina A
Textularia candeiana d'Orbigny. 1839 
Textularia conica d'Orbigny. 1839 
Textularia earlandi Parker 1952
Textularia foliacea occidentalis Cushman = Textularia foliacea Heron-Alien and Earland 
var. occidentalis Cushman, 1922 
Textularia mavori Cushman, 1922 
Textularia mexicana Cushman. 1922
Textulariella barretti (Parker and Jones) = Textularia barretti Parker and Jones, 1876
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Tolvpammina schaudini Rhumbler, 1904 
Tosaia weaveri Seiglie and Bermudez ,1966 
Trifarina bradvi Cushman. 1923
Triloculina oblonga (Montagu) = Vermiculum oblongum Montagu, 1803 
Triloculina tricarinata d’Orbienv. 1826
Triloculina trigonula (Lamarckl = Miliolites trieonula Lamarck. 1804 
Triloculina B
Trochammina advena Cushman, 1922 
Trochammina elobulosa Cushman. 1920 
Trochammina iaponica Ishiwada. 1950 
Trochammina quadriloba Hoelund. 1947 
Trochammina tasmanica Parr, 1950 
Uvigerina auberiana d’Orbigny, 1839 
Uvigerina flintii Cushman, 1923 
Uvigerina hispida Schwager, 1866 
Uvigerina hispido-costata Cushman and Todd, 1945
Uvigerina laevis Gogs = Uvigerina auberiana d'Orbigny var. laevis Goes, 1896 
Uvigerina jam ila Cushman = Uvigerina peregrina Cushman var. parvula Cushman, 
1923
Uvigerina peregrina Cushman. 1923 
Uvigerina peregrina dirupta Todd. 1948 
Vaginulopsis obmsaia (Reuss) = Cristellaria obtusata Reuss, 1870 
Vaginulopsis Dlanata (Phleger and Parker) = Marginulina planata Phleger and Parker, 
1951
Yalvulincria humilis (Brady) = Truncatulina humilis Brady, 1884 
Valvulineria mexicana Parker. 1954
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"Valvulineria opima" as identified in Pflum and Firerichs, 1976 
ValulineriaA
Vasicostella elliptica (Cushman) = Lagena orbignvana (Seguenza) var. elliptica 
Cushman, 1923
Vasicostella laeenoides (Williamson) = Entosolenia marginata Walker and Boys var.
lagenoides Williamson. 1S58 




Plate 1, # 5a,b
test small, ISO pm, auriculate outline; sperical proloculus, later chambers triangular in 
shape, rapidly enlarging; sutures straight to slightly curved, depressed; umbilical region 
deeply incised, circular, thin flap connecting final chamber to proloculus.
Alveolophragmium A
test about 800 pm in size, circular to subcircular in outline; 7 chambers in final whorl; 
sutures slightly depressed; aperture at base of final chamber, with thin lip; agglutinating 
particles fairly coarse; conspecific with Alveolophrragmium sp. of Poag (1981).
AnomalinullaA 
Plate 15, # 3a,b
test small, 100 pm in diameter, circular outline; 6 chambers in final whorl; sutures 
straight, radial, slightly depressed on ventral side; rounded peripheiy; equatorial 
aperture, extending from periphery to the umbilicus, very narrow lip; umbilical region 
depressed; differs from A. marina in the thinner apertural lip, which extends further 
onto the dorsal side.
Astacolus A
test 350 pm in size, ovate in outline; chambers rounded, enrolled, rapidly enlarged; 




test 150 Mm in size, ovate in outline, planoconvex; 7 chambers in final whorl; sutures 
curved, depressed; periphery slightly rounded; interiomarginal aperture extends 
somewhat onto dorsal side.
Fissurina C
test 200 pm in size, ovate in outline; carina surrounding entire periphery, medium width; 
aperture slightly protruding from main body of test, but not beyond carina.
Fissurina F
test 200 pm in size, main body nearly sperical, perforate; very narrow carina except at 
base, where extends into 4 small spines; aperture extend significantly beyond main body 
of test.
Fissurina L
test 350 pm in size, ovate in outline, subsphaerical; thin carina, widest at aperture and at 
base, where it extends into a small spine; aperture nearly indistinct.
Fissurina N
test 300 pm in size; very similar to Fissurina E, differs in having only 3 basal spines, 
slightly larger size, and broader aperture.
3 2 9
B ssu rin a R
test 250 pm in size, nearly triangular in outline, somewhat flattened; carina widest on 
sides just above the base, thinnest below aperture; aperture small, slightly protrudes 
from main body of test
Fissurina T
test 200 pm in size, nearly circular in outline, flattened; thin carina around entire test; 
coarsely perforate; aperture small, slighdy protrudes from main body of test
Fissurina V
test 500 pm in size, main body ovate in outline; two carinas around entire test, fairly 
wide; aperture produced on neck.
Fissurina Y
test 1000 pm in size, ovate, elongated, flattened; carina thick except at base where it 
becomes thinner and wider, aperture projects large distance from main body of test
Fissurina Z
test 250 pm in size, main body sperical; very wide carina around entire test, up to 50 pm 
in diameter; aperture long slit within carina.
Fissurina AA
test 400 pm in size, ovate; medium-width carina around entire test extends into basal 
spine; aperture produced on long neck.
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Fissurina AC
test 250 pm in size, ovate; two carinas, widest at lower half of test, barely extends to 
aperture; aperture wide slit, slightly protrudes from main body of test.
Lagena B
test 150 pm in size, nearly conical; circular aperture, not produced on neck.
Lagena N
test 200 pm in size, main body spherical; about 16 longitudinal costae; aperture 
produced on a neck with a small phialine lip, neck with very thin rings all along it.
LagenaR
test 200 pm in size, elliptical; many thin longitudinal costae, 4 of which are larger and 
extend onto aperture, joined together by many small transverse costae; aperture projects 
slightly from test
U nticu linaA
test 750 pm in diameter, circular, 6 chamber in final whorl; sutures thick, glassy, 
curved; acute periphery, with a narrow keel; umbilical region very thick, but without a 
true umbo.
LcnticulinaB
test 2000 pm in diameter, circular, 9 chambers in final whorl; narrow sutures, only 
slightly curved; acute periphery, very wide keel at initial chambers of whorl, much 
narrower at final chambers; small, glassy umbo; similar to L- septentrionalis. but has 
much more distinctive keel
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LcnticulinaE
test 300 pm in diamter, ovate, flattened; 6 chambers in final whorl; acute periphery, only 
a slight keel; sutures thick, nearly straight - may be juvenile specimens.
M aranulinaA
test 500 pm in length; initial 4 chambers in contact with proloculus, then becomes 
elongated; outer periphery acute, inner periphery rounded; sutures straight until outer 
margin, where they become arched.
Marpnulopsis A
test 750 pm in lengh; chambers relatively flattened until final chambers; periphery with 
small keel that extends into several small spines; sutures slightly curved, thick, upraised; 
relatively unomamented for this genus.
Marginutopsis b
test 800 pm in lengh, elongate, coarsely perforate; chambers rapidly enlarge, very wide 
- almost pyramidical; thick, but narrow keel.
OolinaA
test 200 pm in length, ovate, rounded, smooth; aperture round hole on top of test; 
OolinaB
test 200 pm in length, ovate; aperture produced on a neck; numerous longitudinal 




test 300 pm in length, elongate, smooth, slightly curved, somewhat flattened at base, 
nanowest at aperture; differs from £2- botelliformis in larger width, less curved, flat 
base.
ParafissurinaA
test 200 pm in size, tear-drop shaped, smooth; rounded periphery; apertural hood 
extends only slightly over aperture.
Parafissurina B
test 250 pm in size, ovate, somewhat assymetrical; periphery rounded, but with a 
narrow keel; aperture with large hood extending beyond main body of test.
Parafissurina c
test 200 pm in size, elongate, rounded; no distinct periphery; small basal spine; apertural 
hood nearly in contact with aperture.
Procerolagena A
test 350 pm in length, fusiform, widest near base; numerous indisdct longitudinal 
costae, some reach apertural neck and basal spine; differs from £. mollis in much wider 
test, overall shape.
SvraflonaA
test 150 pm, sub-circular to ovate; sutures slightly curved, depressed; 5 chamber in final 




test 500 pm in size, triangular in cross-section; similar to X  tricarinata. except periphery 
is rounded, less wide.
ValvulineriaA 
Plate 15, # 2a-c
test 150 pm in diameter, ovate, flattened; periphery rounded; 4 chambers in final whorl; 
large apertural flap on ventral side; sutures slightly curved on dorsal side, arcuate on 
ventral, depressed, have "teeth" along aperture and along sutures on ventral side - 
become rounded in early chambers due to wear, similar in shape to Y. advena. but 
differs in the sutural teeth, larger apertural flap.
At this time, the placement of this species in the genus Valvulineria is one of mere 
convenience, as hyaline trochospiral species of this morphology have generally been 
labeled as such (see Loeblich and Tappan, 1964; 1988). However, the sutural teeth 
distinguish it from any other "Valvulineria11 species, and may be a generic trait As 
comparative material has yet to be examined, it has not yet been given a new generic 
name.
"Valvulineria ODima"
as identified in Pflum and Frerichs, 1976
Plate 15, # la-c
test 200 |im in diameter, circular in outline, planoconvex; 6 chambers in final whorl; 
dorsal side coarsely perforate, ventral side smooth; periphery rounded; sutures slightly 
curved, depressed - more so on ventral side; interiomarginal aperture mostly on spiral 
side, but extends somewhat onto periphery, covered by thin flap on dorsal side.
3 3 4
This species was identified as 'X  opima" by O. Bandy (in Pflum and Frerichs, 
1976). It is not conspecific with Nonionella opima as suggested by Finger (1981) or 
Discmbis opima as suggested by Culver and Buzas (1981). Apparently, "X opima" is 
an invalid name. It also is not congeneric with the genus Valvulineria, as the apertural 
flap is on the dorsal side, and in fact may be a new genus, as no other genus yet 
described has a similar aperture. However, as no comparative material has been 
examined, it has yet to be renamed.
Appendix 3
Species-frequency and presence /  absence data 
for the 120 core tops used in the Recent study, 
the 61 late Pleistocene samples, 
and the core 1744 samples
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Recent Data
Sam ple u s e 1178 1534 111 404 462 1878 110 12 1061
Oapth (m) 87 01 118 122 122 122 130 146 152 152
L atitude
Lonaltude
S eed m en e 337 316 318 302 306 307 247 205 200 318
S peclee 48 43 55 61 48 64 53 47 64 33
H araetera D 8.07 7.30 0.37 10.31 8.21 11.00 0.44 6.00 0.30 S.S5
Shannon-Wlanar K 3.33 2.00 3.0B 3.24 2.05 3.52 3.47 3.34 3.06 2.54
Plelou'a P3 0.23 0.24 0.20 0.16 0.15 0.21 0.28 0.28 0.22 0.23
Eaultablllty E 0.58 0.42 0.40 0.42 0.40 0.53 0.61 0.58 0.40 0.38
Plelou'a <1 0.86 0.77 0.77 0.70 0.76 0.85 0.87 0.86 0.77 0.73
Abdltodentrlx paeudothalmannl
Adercotryma alomeraia




Ammonia parkinsonlana 0.3 X 0.3 0.3 1.0 2.3
Ammonia taplda 1.0
Amphlcoryna hlsplda
Amphlcoryna aubllneata X 0.3 X
Amphlateglna olbbosa
Anoulogerina balla 0.3 0.3 X 5.5 3.4
Anoulogerina lamalcansla
Anomallnoldea deprimus 0.3 0.3
Anomallnoldas atobuloaa
Anomallnoldea lo 2.6 1.0 0.7
Anomallnulla A 2.2 4.7 1.6 2.0 1.4 1.3




Blgenerlna Irregularis 3.6 X 0.3 8.5 1.4 0.3 X
Bollvlna alala X
Bollvlna atbalroBsl X 0.3 0.3 0.4 0.7 0.3
Bollvlna barbate 0.6 3.8 X 0.3 0.4 0.3 11.0
Bollvlna fraollis 2.1 6.0 1.6 1.7 1.0 0.4 X
Bollvlna goeaal 1.0 X 0.3
Bollvlna haatata o.ol 1.6 0.3 5.3
Bollvlna Imporcata
Bollvlna lawman/ 2 .4 6.0 4.7 0.7 2.0 5.2! 5.3 0.7 0.3 11.6
Bollvlna minima X 2.3 I X
Bollvlna ordlnarla 0.3 1.3 0.7 1.0 3.2 0.7 2.0 2.5
Bollvlna pseudopllcata
Bollvlna puallla
Bollvlna alrlatula 0.3 0.3
Bollvlna atriatula aplnala 1.5 2.5 2.2 0.3 1.0 5.2 0.7 0.7 0.3
Bollvlna aubaanerlensla mexlcana 0.3 4.4 X 0.3 4.6 11.^ 0.2 7.0 26.7





Bullmlna mamlnata 2.4 2.0 0.0 1.0 1.6 2 6 7 -6 0.3 13.2
Bullmlna mexlcana I 0.3
Bullmlna aplcata X o.e 5.0 2.3 0.3 2.4 0.3 17.4 X
Bullmlna tenuis 0,8 X X 0.7 0.3
Bullmlnella eleaantlasima
Bullmlnetta moroanl 1.2 X 1.4




Caaaldutlna craasa 1 0.7
Caaaldulina curvata X 0.3 1.7 2.0 3.8 0.3 4.3 0.6
Caaaldulina moluccenals _______
Caaaldulina neocarlnata o.e 1.3 5.3 1.3 ell 0.3 3.0 2.8
Kempt* 1186 1178 1534 111 404 462 1876 110 12 1061
Depth (m) 87 01 118 122 122 122 130 146 152 152
Caaaldulina noremaal auatralla 0.4 0.3
Caaaldulina auboloboaa 7.4 10.2 17.0 0.0 30.4 12.7 5.3 6.4 15.4 4.1
Caaaldullnoldaa oarkarianua




Clblcldlna A 0.6 0.7 2.0
Clblcldoldaa Incraaaalua X 1.3 0.3 0.3 X X
Clblcldoldaa mollla 6.! 0.8
Clblcidoldaa mundulua
Clblcldoldaa oachvdarmua baihvalla X X 5.2 1.6 2.7 3.8
Clblcldoldaa oachvdarmua aubllttoralla 14.6 6.3 3.5 2.0 2.6 2.0 4.0 11.2 1.3
Clblcldoldaa robartaonlanua
Clblcldoldaa umbonatua X X X 3.3 0.7 1.0 X X







Dantallna albalroaal M X X X X
Dlacammlna comoraasa





Elphldlum dlacoldala 0.6 0.6 0.7 0.7 1.0
Elphldlum tlmbrlatulum 0.3
Elphldlum tranalucana 2.4 0.3 0.3 1.3 1.6 8.1 4.0
Eolalomlnalla axluua X 0.3
Eplatomlnalla vltraa 1.6 3.6 2.2 0.3 2.0 2.0 1.7 0.6







Flaaurina laatrloata 0.3 0.6
Flaaurlna luclda
Flaaurina mamlnata













Frondlcularia aaggltula X 0.3
Furaankolna bramlattl
Furaankolna compraaaa X X X 0.7 3.0 X 0.31iiQ* 0.3 o.e
Furaankolna aamlnuda
Qaudrylna aaoua 0.3 0.7 0.3
S am plt 1166 1176 1534 111 404 462 1876 116 12 1061
Doptti (m) 87 01 118 122 122 122 136 146 152 152
















Qyroldlnoldao umbonalua X X O.Oi 2.3 1.0 1.2 0.7 0.6
Haneanlaca raoularla X 2.6 0.4 2.5
Hamawala concantrtca 1,6
Hanxawala atrattonl 4.7 2.2 X 1.3 1.3 0.7 X
Haplophraomoldaa bradyl
Haplophraomoldaa canarlenals




























Lataroatomalla aplnaacens 0.3 0.6 0.0 0.3 0.4
Lalaroatomalla aplnicoata 0.7 0.3









Lantlcullna Iota X X
Lantlcullna lowmanl 0.3 1.3 0.7 1.7 0.0
Lantlcullna orbicularis 0.3
Bampla 1166 1178 1534 111 404 462 1676 110 12 1061











Uarglnulopsla glabrata X X









Naocrosbvla mlnuta 0.6 0,6 0.6 0.7 0.3 0.4 X
Naolantlculina paragrlna 0.3 X 0.3 0.4 X
Naolanticulina villa X X X 0.3
Ncdosarla aubsoluta
Nonlonalla opima 0.6 X X 0.3 1.4| 0.9
Nonlonalllna labradoricum










Orldoraalls atellatus X X
Orldoraalta tenar X 0.3 0.3 X
Orldoraalls umbonatus













Planulina fovaolata X 0.3 0.3 0.4 0.7 X
Plactofrondlcularla adverts
Procarolagana dlstoma
Procaroagena gracllllmas X 0.3 0.3 X
Procarolagana mollis X X X X
Procarolagana A
Prollxoplacta parvula
Paaudogaudrvlna atlantlea 0.S 0.3 1.4
Psaudonodosaria comatula X 0.3 0.4 X
Paaudononlon atlantlcum 0.3 X 2.0 o . i 1.3
Psaudononlon clavatum
Pullenla bulloldas X X 0.7 0.4 0.7
SamDi* 1186 1179 1534 111 404 462 1878 110 12 1861
D tp th  (m) 87 81 118 122 122 122 130 146 152 152





Pyroo naauta X 0.3 1.6 1.7 0.3 1.0 0.4 0.7 0.3 X
Pyroo oblonoa
Pyroo sarrsla
Pyroo vatparlilio 0.3 0.3
Pvrooella sohaara
Quadrimorphlna olabra 0.3 0.3 0.3
Quadrlmorphlna laavloata
Quinoualocullna agglutlnans 0.6 0.3 2.0 0.3




Quinoualocullna lamarcklana 1.3 1.2
Quinoualocullna vulgaris
Ramullna olobulHara X X X
Ractobollvfna advena X X 0.3 1.3 0.7
Reophax aoolutlnalus
Reophax scorplurua









Rosallna parkaraa 0.4 0.3
Rosallna suezensla 2.2 2.0 0.3
Rotorblnalla basilica 5 ^ 2.5 6.0 3.6 1.3 2.0 1.2 4.1 0.7
Rulharfordoldea mexlcanua 0.7 X 0.3
Rulhertordoldaa tenuis 0.3 0.3
Saccammlna atlantlea 0.3 0.8
Saccorhlza ramosa
Saortnoosls dlmorpha
Saracanaria cf. S. altUrons 0.3 0.6
Saracanarla lamalcanals
Saabrookla aarlandl 0.6I 1.0 0.8
Slomoltlnlta dlstorta 0.3 0.3 0.7 0.7 0.8
Slomolllnlta alllptlca 1.S 1.0 0.3 1.0 0.7 2.3 3.7 0.3
Slomoillnlta tenuis
Slgmollopsis schlumbargerl 0.3 2.0
Slphontna bradyana X X
Slohonlna oulchra X 0.3 1.3 1.7 2.3 2.3 0.4 0.7 2.0 0.3
Sbhonodosarla calomorpha 0.3
Slphotextularia alflnla X X 0.3 0.7 X
Slphotaxtularla relshausenl
Slphotrochammlna souamata
Sphaeroldina bulloldas X 0.3 0.3 0.7 2.8 0.3 0.6*1iIiI
X X
Splrolocullna antlllarum 0.3
Stalnforthla complanata X X 0.7 0.4 X
Statsonla mlnuta 0.3
Suoorunda poroaa




Taxtularia follacaa occidentals 0.3 1.0 0.7
Sam ple 1186 1176 1534 111 404 462 1876 110 12 1961
Dapttt (id) 87 91 113 122 122 122 130 143 152 152














Uvlaarlna illnlll X 0.4
Uviaarlna hlaplda
Uvlaarlna hlapldo-coatata
Uviaarlna laavla 1.6 1.3 11.9 17.9 9.2 0.3 7.3 3.4 9.0 1.6
Uvlaarlna parvula 6.8 21.6 1.0 5.0 3.3 3.3 0 .6 2.0 2.7 0.3




Valvulineria maxleana X X
*Valvulineria opima' 0.3 0.7
Vaalcoatalla laaanoldaa
3 4 3
isam pla 1 20301 1069 6 1083 2027 104 1202 1954 130 227 1064 228I 233 229 1073
Dapth 1Sg| 1881 101 107 206 221 223 226 220 220 252 25ol 259 267I 274
Lai. 28.0g| 27.04I 27.661 28.881 27.801 27.761 27.071 28.401 27.851 27.721 27.801 27.711 27.661 27.701 28.971
Long. 00.47 01.68 04.60 80.06 01.75 01.28 80.92 02.61 93.70 91.66 03.60 93.68 03.68 88.81
Spaclm. 344 201 322j 331 260 341 321 307 282 247 305 281 321 282
S paclaa St 68 46 28 55 50 50 53 61 53 60 45 55 SO 43
0 0.76 10.00 7.62 4.65 0.71 8.60 6.40 9.01 10.48 0.22 10.71 7.60 10.11 6.40 7.44
H 3.IS 2.08 2.70 2.20 3.27 3.40 2.66 2.98 3.48 3.33 3.27 3.10 3.58 3.06 3.07
p a 0.27 0.31 0.21 0.30 0.2S 0.32 0.12 0.22 0.32 0.21 0.26 0.33 0.22 0.25 0.24
E 0.40 0.34 0.361 0.35 0.48 0.60 0.28 0.36 0.53 0.53 0.44 0.40 0.88 0.43 0.49
J 0.7E 0.74 0.73 0.60 0.82 0.67 0.68 0.74 0.85 0.84 0.60 0.81 0.61 0.78 0.61
Abd p m 0.4
Ada alo




Amm par 0.3 X 0,7 X
Amm tap
Amp hla 0.4 0.7




Ano dap 0.3 0.4 X 0.7 0.4 0.4
Ano alo
Ano lo
Anm A 0.3 0.7 0.3 2.7 0.6 0.3 3.2 0.6 0.7
Am  era o.a 0.3




Bol ala X 0.3 2.8 0.4
Bol alb 0.3 0.3 1.0 0.4 3.7 o.e 0.0 3.9 4.3 2.0 6.0 4.3 7.8 X
Bol bar 0.6 X 17.8 0.4 X 1.6 0.7 0.3 2.1 0.6 6.0
Bol Ira 0.3 0.7 X X
Bol goe X 0.3 X 0.7 0.3 0.3 0.4
Bol baa. 3.5 0.3 0.3 1.5 1.6 0.3 0.4 1.2 0.3 0.7
Bol Imp
Bol low 8.1 1.0 0.6 20.2 1.0 0.7 3.2 8.7 2.6 1.4 2.8 2.9 5.3 3.7 17.0
Bol mln 1.7 0.3 0.6 X 2.3 X 0.6 2.3 1.1 0.4 0.7 1.8 1.2 X




Bol a api X 1.0 0.0 0.6 X 0.7 0.4 0 7
Bol a max 2.6 15.1 15.6 11.5 11.2 8.0 2.1 5.3 5.0 13.8 2.8 12.4 13.5 5.9 B.S





Bui mar 2.9 X 0.6 20.5 0.8 2.3 0.6 3.7 3.3 1.4 0.4 13.5 0.3 8.5
Bui max 0.3 X 0.6 X X 2.8 0.3 0.7 X 0.3 1.8
Bui apl 1.S 13.4 10.6 X 1.5 4.3 1.8 3.1 5.5 3.5 1.6 3.6 1.1 3.1 X
Bui tan 0.3 0.3
Bui ala
Bui mor 1.2 2.1 0.4
Can saa 0.6 0.7 0.0 X X 0.3 0.4
Car max 0.3
Caacar 0.3 1.2 0.3
Caacra X X 1.2 0.4 X 1.0 0.4 0.4
Caa cur 1.6 2.1 1.6 X 0.4 5.4 0.9 0.0 3.0 3.9 2.0 2.0 3.6 2.2 0.7
Caa md
Caa nao 13.4 4.1 2.2 X 1.9 4.0 2.3 0.3 5.0 3.5 3.6 12.4 ___V* 6.2 ' 0.4
3 4 4
S am p le 2031 1050 6 1083 2027 104 1202 1064 130 227 1064 226 233 220 1073
Dapth 150 188 101 107 206 221 223 226 220 220 252 250 250 267 274
C asnaua X 0.3 0.4 0.3 0.6 0.3 0.4 1.6 0.4 0.0 0.7
Caa abb 8.4 14.1 24.8 1.8 0.2 8.7 8.E 3.7 6.6 3.0 10.4 8.8 6.0 6.0 5.3
Cal oar





CD inc X 0.3 0.6 0.8 X X
CU mol 0.3 0.8
CH mun
CR p. bat 2.0 2.7 1.6 3.8 4.7 2.1 4.0 3.0 3.5 X 0.7 5.3 0.6 2.1
Cll p. aub 0.7 0.3 X X 2.7 X 0.3 X
Cil rob
Cii umb o.e 0.7 X 1.2 2.3 0.3 0.3 1.6 3.0 X 0.3 1.4 2.2 0.4







Den mb X X X X X X
Die com




Ehr apl X 0.4
Ehr trl 0.3 0.3
Ek> dla
Elp llm
Elp Ira 0.3 0.6 1.4
Epl exl o.e X 1.6 1.2 0.3 1.fi 3.2 1.8 0.3 1.4
E d  vil i.e X 10.3 X 2.2 3.0 4.6























Fro aag X X
Fur bra
Fur com X X X X 0.4 X X
Fur pen 0.3 0.3 0.7 0.3
Fur earn
Q auaeq
S a m p le 203d 1059 6 1083 2027 104 1202 19S4 139 227 1064 226 233 229 1073
Depth 159 186 181 107 206 221 223 226 220 229 252 259 259 287 274
Qav Ira X 2.C 0.3 0.3 1.6 0.4 2.9 1.1 2.2 X
Ola laa
Qlo aft X 0.3 X X X X
Qlo evu X 0.6 X X
Qlo pyr 0.3 0.4
Qlo p  a d
Qlm cha
Qlm oor
Qrf pyr X X X X X X X
Qul pul
Out *>l 0.3 0.4





Qyr umb X 0.7 1.6 0.6 0.8 1.3 1.2 0.3 0.7 0.3 2.3 0.7 0.3 0.4
Han rag 2.0 0.7 1.2 0.3 0.4 0.3 1.6 7.8 2.6 0.7 X 2.C 4.3 1.6 10.3
Hazoon
Haz air X 0.4
Hap bra
Hap can 0.4
Hoa ale 0.3 0.3 0.3 1.5 0.7 X 0.3 0.7 1.1 0.8 0.4 0.6 X
Hor olo
loa turn
Kar bra X 0.3 X O.Qj X 0.3 X
Kaa api
Laa adv
Laeaph 0.3 0.4 0.3 0.8 0.7
Laa all 0.3
Laa III 0.3 0.3











Lag aat 0.3 0.4
Lao aim
Lagapl
Lao strl 0.3 0.4




Lat spl 0.6 X 0.4 X X 0.8 X
Lai apn 0.4




Len cal 0.3 0.3 0.3 0.8 X X 1.3 1.1 X 0.7 0.6 0.7
Len d a 0.3 0.8 2.7 O.fi 0.3 1.9
Lan con
Len cul 0.7 0.7
Lan gfc 0.3
Lan lot
Len low 0.3 1.4 0.8 0.3 0.7
Len orb 0.3 0.6 1.1
[sam p le  1 203sl 1050 6 1083 2027 104 1203 1054 130 227 1064 228 233 220 1073








Mar ala 0.3 0.4 0.8 0.4
Mar aba
Mar stri
Mao gla X X X X 0.3 X X




Mai occ X X X X




Nao mln o.e 0.7 0.3 0.6 O.S 0.3 X 1.2 0.3 0.8 0.4 0.6 0.4
Nel per X X 0.6 X X 0.3 0.4 X 0.7 X
Nat vll X X X
Nod sub
Non opi X 3.0 X 0.4 4.3
Noo lab 0 J
Not ara X 0.6 X 1.2 0.0 1.1
Nut dec
O d  all
O d  b d
Ool d o





Or! ste X X X X
Orl ten X 1.0 0.4 0.7 X 0.7 1.1 0.8 0.3 1.1 0.6
Orl umb
Ort was X 0.3 X X
O sacul
Osa rue










Pla lev X 1.7 X 2.3 3.3 0.0 1.6 6.5 r e 0.4 1.0 0.7 3.1 X
Pie adv
Pro dla
Pro gra X X x: 0.4 X
Pro m d  1 X X X 0.3 0 4
Pro A 0.4
Pro par
Pag all 0.8 0.7 ______X 1.0 0.4 0.4 ___O J
Pan com X X X X X X
Paa ail X 0.3 X
Pae d a
Pul bul X oJ 0.8 0.7 X 0.6 0.3 0.4 0.4 1.0 0.4
3 4 7
ISam ple 1 20301 1050 6 1033 2027 104 1202 1054 130 227 1064 223 233 220 1073
Depth 15s 136 101 107 206 221 223 226 220 220 252 250 250 267 274




Pyr mur X X
Pyr nas X X X X 0.3 X X 0.7 0.4 0.3 0.4




Qua ola 1.0 0.6 0.4
Qua laa 0.3 0.3 0.7 1.2 1.2 0.3 0.4 1.1 0.6
Qul aoo 0.3 0.7





Qul vul 0.3 0.3 0.3













Roa par 0.3 0.3 i 0.7
Roa sue 0.S 0.3 o.e 1.2 0.7
Rot b a a X 0.3 2.2] 0.3 1.3 1.5 0.3 0.4 0.4 0.7 0.4 0.4
Rut max 0.3 0.3 0.4 0.3 * 0.4 0.4 0.4
Rut ten 0.6 0.3 0.3 0.4
Sae all 0.3 0.4
Sao ram
Sag dim
Sar all 0.3 0.8 0.3 0.3
Sar lam 0.3
Sea ear 0.4 0.3 1.2
Slg dla 0.3 0.3 0.3 0.7 0.6 0.3 3.3 1.4 0.4 0.7 0.4
Slg ell o.e 0.7 0.3 1.2 1.1 0.3 0.4
Slg ten
Sim ach 1.0 0.4
Sip bra X X 1.0 1.4 X 1.6
Sip pul 1.2 2.1 0.0 3.1 3.3 0.6 X 0.3 0.7 1.2 0.7
Sib cal 0.4 0.6 0.3
Slo all 0.3 X 0.3 X
Slo rol
Sit sau
Sph bul o.g 0.3 0.3 0.7 X 0.0 1.0 0.4 0.4 0.7 0.7 0.0 X
Sob bul A
Spl ant
Sla com X X X X X X X 0.4 0.4
Sle mln 0.3 0.7
Sug por 0.3
Svr A 0.3
Tax can 0.3 0.4
Tax con
Tax aar
Tex 1 occ 0.7 0.3
3 4 8
S am p la 2039 1069 6 1063 2027 104 1202 1054 130 227 1064 228 233 220 1073
Dapth 15t 188 101 107 206 221 223 226 220 220 252 250 260 267 274
Tax may X
Tax max X 0.4 X X 0.3 1.1 0.4 X
Tol achIS 0.4 0.3 0.3
Til bra X 1.3 0.3
Trf tri 0.3








Uvl III 0.3 0.3 0.8 0.3 X 0.3 0.7
Uvi hip
Uvi hia X X 0.3
Uvi laa 2.0 10.7 0.6 6.2 6.0 3.G 1.6 1.3 2.8 3.2 6.5 2.5 0.4
Uvi par 1.7 0.7 0.0 0.3 1.5 3.3 0.6 0.3 3.6 16.3 0.8 1.3 0.7 3.4 1.1
Uvi par 1.7 2.7 5.3 2.1 3.8 8.7 3.2 8.7 6.2 7.8 4.0 4.0 4.3 7.2 3.S
Uvl p  dir
Van obt
Van pla
Val max X 0.6 0.7
Val opi 0.3 X X 0.3 X 0.3 0.3 0.7 1.2 1.6 0.4 0.6
Vaa lag
3 4 9
8am gla 232 237 221 1127 1226 223 1070 2054 146 147 144 145 225 1537 1830
Dapth 200 2001 305 311 320 326 336 347 351 351 366 366 366 370 370
Lat. 27.67 27.87 27.65 27.05 28.00 27.63 27.B2 26.57 27,73 27.72 27.72 27.72 27.62 27.83 27.84
Lena. 03.67 03.63 03.62 00.00 00.46 03.61 01.66 60.20 02.66 02.88 02.87 02.87 03.60 02.67 01.30
Spaclm . 206 312 306 267 205 286 267 305 207 282 306 266 315 284 253
8 p ac laa SC 51 55 48 SO 52 56 43 45 42 51 52 50 57 52
D 6.60 8.71 0.42 8.41 6.62 0.01 0.70 7.34 7.73 7.27 8.74 0.01 8.52 0.01 0.22
H 3.26 3.20 3.30 3.05 3.11 3.14 3.20 2.70 3.10 2.80 3.16 3.26 3.17 3.43 3.18
P3 0.32 0.23 0.28 0.16 0.24 0.33 0.23 0.25 0.28 0.20 0.31 0.26 0.31 0.26 0.15
E 0.52 0.53 0.40 0.44 0.45 0.44 0.46 0.35 0.48 0.43 0.46 0.50 0.47 0.54 0.4(>
J 0.83 0.84 0.82 0.70 0.70 0.80 0.62 0.72 0.81 0.77 0.80 0.63 0.81 0.85 0.80
AM paa 0.7 X 0.4 0.3 0.3 0.7 X
Ada alo






Amp his 0.3 0.7 X 0.4
Amp aub' X X 0.3
Amh gib X X
Ano Ml X
Ano lam
Ano dap 0.3 0.3 1.6
Ano alo
Ano io 0.7
Anm A 0.3 0.7 0.7 1.0 0.7 0.3 0.7 0.6
Asa era 0.4 0.3 0.7
Asa A
Asl gal
Asl turn X X
Big Irr
Bol ala X .a
Bol alb 8.4 5.6 11.7 6.0 17.3 11.1 11.1 0.7 3.7 8.5 6.2 5.0 14.3 4.0 18.6
Bol bar 0.3 0.3 X 0.3 12.8 0.3 0.4
Bol fra X
Bol 006 0.3 X X
Bol has 1.3 1.0 1.1 0.3 0.3 0.3 0.7 0.3 1.6
Bol Imp
Bol low 1.0 5.4 1.0 5.6 7.5 4.5 4.5 15.7 6.8 3.2 1.3 4.2 1.6 10.6 1.2
Bol mln 0.7 3.5 1.3 0.7 1.7 2.1 2.1 X 1.4 1.3 0.7 0.6 2.1 2.0




Bol a spl 0.6 0.3 0.4 0.3 X X 0.3 0.4
Bol a max 4.0 3.6 8.4 4.0 4.4 0.3 3.8 22.0 3.0 3.2 5.2 3.6 1.3 0.4 1.2




Bul ala X X
Bul mar 0.7 0.6 0.3 X 0.7 0.3 0.7 4.0 1.0] 0.4 1.3 0.3 X
Bul max 0.3 1.0 2.6 2.4 0.7 1.6 0.3 1.0 X 1.2
Bul spl 4.0 1.0 3.6 1.0 2.7 2.8 2.1 0.3 2.4 1.8 1.3 4.5 2 .2 1.8 0.8
Bul ten
Bul ala
Bul mor 0.3 0.3
Can sao 0.3 0.3 0.3 0.4
Car max X 0.7 X X
Caa car
Cascra 0.6 X 1.0 1.4 0.7 0.7 0,7 1.0 0.4 1.2
C at cur 3.4 2.6 5.2 2 .2 2 .0 2.4 1.4 0.7 1.0 1.1 2.0 0.7 1.3 1.1 0.4
Cas mol
Caa nao 8.4 3.5 4.0 7.1 7.8 4.0 4.2 0.3 10.8 7.1 8.5 5.0 4.8 5.6 5.0
3 5 0
l u i p l * 232 237 221 1127 1226 223 1070 2054 146 147 144 146 226 1537 1630
Depth 2eo 200 305 311 320 326 336 347 351 351 366 366 366 370 370
Caanaua 0.3 2.S 1.9 0.7 0.7 1.7 2.4 1.0 0.7 2.1 2.9 1.1 3.6
Caa aub 9.1 8.7 4.9 9.0 6.4 11.6 4.2 0.7 12.2 18.1 11.4 9.4 8.6 9.2 6.0
Cal par
CM ool X X X 0.3 0.4 0.4




CM inc 0.7 X X 0.3 0.3 X
CH mol
CM rmin
Cil p. bal 5.4 1.9 2.9 1.1 2.0 1.7 1.7 2.6 1.0 0.4 0.7 1.0 0.7 1.2
CH p. aub 0.3j X X X
Cll rob 0.3 0.3
Cll umb 3.0 1.6 3.9 0.4 1.0 1.4 1.0 X 1.4 1.4 1.0 2.4 0.3 0.4 0.4







Den alb X X X X
Die com
Dla bar 1.0 0.7 0.3 0.31m 0.4 X 0.3 0.3 X 0.4
Egg pro
Egg aca
Ehr apl X 0.7




Epl axi 1.3 1.3 0.6 1.9 2.7 1.7 1.4 0.7 1.4 1.0 2.1 2.5 2.4
Epl vlt X X X 0.7] 0.3 0.7 X











Fla nap 0.3 0.4
Fla AB










Fro aag 0.3 X
Fur bra
Fur com 0.3 X X 0.3 X
Fur pon 0.3 X 0.3
Fur aam X X 0.3 X 1.1 X
Qauaaa
351
Sam ple 233 237 221 1127 1226 223 1070 2054 146 147 144 145 225 1537 1630
Daoth 290 2B0 305 311 320 326 336 347 351 351 366 366 366 370 370
0 »  Ire 6.7 S.I 7.5 6.0 8.5 11.1 5.6 7.1 5.0 11.4 0.0 11.7 6.0 5.0
Ola laa






Qrl pyr X X 0.3 X 0.3 X X
Qut pul
Qul spl 0.3
Qyr alt 0.7 0.6 0.6 X 0.7 X 0.3 0.7 0.3 1.0 0.3 X 1.6
Qyr laa 0.4 X 0.3 0.3 X
Qyr neo X X 0.4
Qvr ool
Qyr rot 0.3
Qyr umb 0.7 2.3 1.0 0.4 1.0 0.7 0.7 0.3 1.0 1.0 1.4 1.3 0.4 0.8





Hoa ale 0.3 X X 0.3 0.3 X 0.3 0.3 X X
Kor alo
loa turn
Kar bra X 0.3 0.3 X X
Kaaaol
Laa adv
Laeaph o.a 0.3 0.7 0.7 0.4
Laa all



















Lai spl 0.7 X 0.3 0.3 0.3 X 0.7 1.8 0.4
Lai son 0.3 0.3
Lai sub 1.0 1.3 1.0 1.0 0.7 0.7 1.0 0.3 2.4 1.1 1.3 3.1 2.5 3.5 1.6
Lai pau X
Lan all 0.6 1.0
Lon bow
Lan cel 0.3 0.4 0.3 0.7 1.3 0.3 0.3 1.0 0.4 0.4
Lan d a 1.0




Lon low 0.3 0.3 1.0 1.1 0.3 0.4
Lan orb
Sam ple 2 3 ! 237 221 1127 1226 223 1070 2054 146 147 144 145 225 1537 1839
Depth 200 200 30E 311 320 320 330 347 351 351 366 366 366 370 370
Lan tap









Map pla X X X X X




Mai occ 0.3 X X X X




Nao mln 0.7 0.6 1.0 X 0.3 0.3 X X 1.0 0.4 0.7 0.6 2.1 0.8
Nal par 0.3 X X X 0.3 0.3 0.4 X
Nal vil 0.3
Nod sub
Non opl 0.3 0.3 1.3
Noo lab 0.3




Ool pto 0.3 0.3





Orl ate X X X 0.3 0.3 0.4 X











Pau ter 0.3 0.6 0.4 X X X 0.7! 0.4 0.7 2.1
Plo mad
Pla ail X 0.7 0.3 X 0.4 0.7 0.6 0.4 0.8
Pla exo 0.3




Pro mol X X X X 0.4 X
Pro A
Pro par
Pap all 0.4 1.4 0.3 1.4 0.3 0.3 X
Pan com X 0.3 X
Pea atl 0.4 0.7 X
Paa d a
Pul bul 0.7 0.6 0.6 X 0.7 0.7 0.3 X 0.7 0.3 0.3 0.6 1.1 1.2
3 5 3
Sam ple 232 237 221 1127] 1226 223 1070 2054 146 147 144 145 225 1537 1639
Depth 200 200 306 311 320 326 336 347 351 351 366 366 366 370 370




Pyr mur X 0.3 X
Pyr nag 0.3 0.3 X 0.3 X 0.3 0.3 X
Pyr obi 0.3



























Rot baa 0.3 X X 1,4 0.3
Rut max 0.3 0.6 0.4 X 0.3 X X X 0.B






Sea ear o .i 2.8 0.4
Sip dls 1.0 1.0 0.3 0.3 0.4 2.0 0.3 1.6 0.4 0.4
Sip ell 1.0 0.6 0.4 1.7 0.7 0.3
Sip ten
Sim sch 0.3 0.3
Sip bra 0.7 0.6 X X 0.7 X 0.3 0.4 0.3 i.ol 1.0 X 1.2
Sip. PUl 1.0 X 0.3 X 0.6 X
Slh cal
Slo alt X X X 0.4
Slo rol
Sit squ
Sph bul 0.7 1.6 0.7 0.7 2.4 1.4 0.3 1.0 1.1 0.7 1.0 1GI 2.5 2.0Sph bul A
Spl ant
Sla com 0.3 0.3 0.4 X 1.7 0.7 0.4 0.3 0.3 0.4 0.4
Sle mln 0.3







9 0 t z B'Z 9 't t o 9 1 X t o X 9 0 9 't O't |0O |*A
X GO xmu |«a
*|d 0*a
GO iqo b#A
X X X X J!P d  |8fl
S'S a * 5 8 I'S S'S E'S 9 9 E'9 9 8 9'9 3 8 z z 8’t B'S i 'Z j»d (An
8 0 i t 3'Z 91 c z t 'Z t o X f t t o O't S‘t 9 't GO EO w d  i«n
►'0 9 1 C l 9 't 6 1 f t t o f t 9 't X 9 0 O 't B'S 9 '9 •■i i"n
Z 'l X E'O GO GO t o X X GO X 9 0 • im i*n
«*N lAfl
90 X CO hi i«n
qn» i«n
m  o j i
m b  oj_i
<ftf OJJ,
9 0 iui o u
Afm o i l
a  Ml
E'O 9 0 d j | | J i
Mt Ml
X > 0 G 't E'O t o 9 0 9 't E'O E'O 9 0 E‘0 w q  m
► 0 ► 0 CO E'O 0 1 9't CO E’O t o CO X 9 0 9 't •Mt M l
ip »  K»1
X X X xmu m i
Amu x » i
OtC OZC 99C 99C 99C t s e t s c t9 C BCG BZC OZG t i e SOC 98Z oez m «*G
6C81 t e s t sz z S P l 991 i9 l B91 9S0Z o to t EZZ 9ZZt t z t t IZZ t c z 3GZ • I d u iu g
P S 2
3 5 5
Sam pts 23S 560 1867 240 2056 1230 326 1456 684 242 256 312 1458 1836 216
Dscth 381 381 363 404 405 402 412 421 442 457 457 457 466 471 472
Lat. 27.70 26.74 28.84 27.08 28.83 27.82 27.35 27.72 26.44 27.66 27.64 27.34 27.76 27.80 27.55
Lons. 84.02 86.33 88.84 84.02 88.71 80.47 85.87 01.87 06.26 84.08 84.36 85.83 81.86 81.36 83.36
Spaclm . 200 280 345 304 322 275 300 302 323 282 286 304 341 283 283
Spaclaa SI 50 53 47 38 51 48 60 43 66 SO 57 56 46 52
D 8.82 8.6E 8.80 8.05 6.36 6.80 8.24 10.33 7.44 10.10 8.61 8.80 8.43 7.80 8.03
H 3.12 3.14 2.72 2.85 2.73 3.15 3.05 3.37 2.86 3.52 3.34 3.44 3.44 3.11 3.28
P3 0.31 0.26 0.10 0.18 0.18 0.17 0.28 0.22 0.25 0.20 0.30 0.22 0.28 0.18 0.24
E 0.44 0.46 0.30 0.41 0.40 0.46 0.44 0.46 0.40 0.58 0.56 0.55 0.56 0.48 0.51
J 0.70 0.80 0.70 0.77 0.76 o.sol 0.78 0.82 0.76 0.87 0.85 0.85 0.85 0.61 0.83
Abd paa 0.3 1.0 0.4 0.4
Ada glo 0.6






Amp his X 0.3 0.3 0.3 0.7 1.3 0.6 0.7













Bol ala X 5.5 X X X
Bot alb 12.1 2.B 0.8 7.2 1.2 5.1 10.3 10.3 4.3 3.8 7.1 11.8 7.0 11.8 10.6
Bol bar 1.7 0.3 1.2 0.7
Bol Ira 0.7
Bol goa X
Bol has 0.6 X 0.4
Bol Imp 0.3
Bol low 4.S 1.0 10.7 4.8| 2.1 6.0 3.3 1,3 14.8 3.8 0.7 1.3 1.5 3.1 3.2
Bol min 0.3 1.1 0.3 2.8 0.3 X 2.0 0.7




Bol s  spi 0.3 0.6
Bol s  max 1.7 3.5 0.7 0.2 X 0.7 1.7 0.3 2.8 1.0 1.5 1.0 1.1
Bol tra 0.3 2.8 6.7 0.7 0.7 0.3 X X 0.7
Bol abr
Buchan
Bul acu 0.3 X c X 0.7 0.3 2.2 1.1 1.7 1.6 X X 0.7
Bul ala 1.4 0.3 0.7 1.7 0.7 0.3 2.6 2.3 1.7 2.5
Bul mar 0.3 2.3 1.0 8.4 0.4 X 0.3 0.7 0.7
Bul max 0.7 8.3 2.8 1.6 0.6 X 2.3 2.0 3.4 2.6 1.7 2.6 0.6 X
But spl 1.7 1.0 0.3 1.0 0.3 0.4 0.7 0.3 1.2 1.1 1.4 1.0 2.8 1.7 1.8
Bul tan
Bul ale
Bul mor X X 0.3
Cansaa
Car max X 0.4 0.3 0.3 X 1.1
Caa car 0.3
Cas era 3.1 2.1 0.7 2.2 2.0 2.0 0.4 2.4 3.6 3.6 1.4 1.8
C at cur 2.1 1.0 0.8 0.3 X 0.4 2.0 4.0 1.8 2.1 2.4 1.0 2.6 1.4 2.1
Cas mol
Caa nao 4.1 S.S 2.6 4.3 24.0 2.2 4.3 5.6 7.1 6.7 5.7 6.6 7.6 4.1 4.6
Sam ple 236 SOS 1067 240 2056 1230 326 1456 584 242 256 312 1456 1836 216
Daptti 301 301 303 404 405 406 412 421 442 457 457 457 466 471 472
Caanaua 1.0 0.3 2.3 1.6 2.3 2.3 0.3 0.7 0.7 2.0 0.6 1.0 0.4
Caa sub 11.0 0.0 3.2 11.6 X 4.7 13.C 6.6 B.4 6.3 6.4 4.3 10.0 8.6 14,1
Cal par
Chi ocri 0.0 1.5 X 0.7 0.4 0.3 X 0.4




Cil Inc 0.3 X X X X 0.4
Cii mol
CU mun 0.3
Cil p. bat 1.4 5.S 0.0 0.7 0.6 X 1.7 5.3 2.2 1.4 2.0 2.0 2.6 0.7 1.1
CII p. aub
CII rob 0.7 0.7 0.3 X
CII umb 1.0 0.7 X 0.7 X 0.3 1.0 0.6 2.5 0.7 0.3 X X


















Epl exl 0.7 0.3 0.0 3.0 0.3 4.4 0.7 0.7 0.6 2.6 1.4 2.6 4.1 3.4 4.9
Epi vlt 1.4 1.5 X X









Fis mar 0.7 0.3 0.7 0.3
FIs mil 0.3











Fis R 0.4 0.4
Fro sag
Fur bra
Fur com 0.3 X 0.4
Fur pon X 0,6
Fur asm 0.3 0.3 0.7 0.3 0.3 X
Qauaag
CO qJO (M l
60 9 0 CO M0| M l
|0 | M l
50 D'l q|D M l
CO jro  m i
U03 UB~|
e p  m ~|
►'0 X CO c  i ► 0 C l 40 X D'l |80 M*|
MOq M l
CO im  M l
X CO 40 CO CO 40 x ^ CO nad  |b i
1 't ►‘I 90 4‘0 C l 40 80 40 40 S'2 91 CO O'l 41 q n s  » i
ude (Bl
40 40 80 CO V O X D'Z 81 02 CO |d *  l»1
u  o b i
a « n
e|M o n
r a q s B e i
►'0 Ml» o b i
|d t  D*i
CO uiis o b i
)« • OB'!
GO BBS Be "I
IP  B el
r °
CO obu Ob i
CO q su  o b i
GO CO 40 E'O bb | O e i
CO ro e  6b i
e o q  B e i
CO E'O CO CO CO B(M 081
CO d p  d b i




► 0 4 0 CO 11*881
ApB 881
X 1 *  M X
X 9 0 CO X 8jq J8)|
tun) 8 0 |
016 JOH
GO X CO X X X CO GO 8|B BOH
u eo d eH
e iq d B H
M  a n
U00Z8H
1 1 40 O'Z CO C t I'C GO C l 1 1 D'Z GO Z'C 9'G CO 681 U8H
B'C C l 9 't D'l C l CO CO D'l S'Z 9 0 4 0 CO C 2 quin  IAQ
CO 80 C l 0 2 6 0 40 IOJ JAQ
|0 d  JA0
X X X OBU |A 0
X X CO CO 40 CO X CO X E'O 88 | j / g
► 0 CO C l D'l D'Z CO CO c z GO X 90 4 0 CO «B JA0
i *  m g
I na m o
X X 4 0 X X lAd m d
joO u tio
Btp Ul|0
CO |d s  d  0 (0
lAd o |0
X 60 nAO o |D
X X tm  o io
CO 881 810
99 9'S SC CC c z C21 CGI r t 4 A I t I'Z 6'9 CZ E'GL 99 Bit ABO
2 A t I A t 99t zst ASt ASt z t t i z t Sit BOt s o t t o t C9G 186 18G Mtdta
912 9G81 B S tl E1G 992 z t z 889 SStl BZC OGZl 9902 0 t2 4961 B9S BCZ B |d u i8 8
l  se
Sam el* 238 s e t 1867 240 2056 1230 320 1450 S84 242 256 312 1458 1836 216





















Nao mln 0.3 0.3 0.7 0.6 X X 0.0 1.1 1.4 1.2 1.0 1.1
Nal par 1.4 0.3 X 0.7 X 0.7 0.3 0.4 0.6 X
Nal vll
Nod sub
Non opt 0.6 3.3 0.3 0.3
Noo lab










Ort ate 0.3 X 0.7 0.3 1.1 1.0 0.3 X




Osa rug 0.3 0.3 2.S 0.3 2.0 1.1 2.7 0.7 2.6 1.7 1.4






Pau ter X 0.3
Plo mod
Pla art 1.0 X 0.3 1.7 0.7 2.0 1.6 0.6 2.0 1.1
Pla exo
Pla lov 0.3 X 0.4 0.3 X 0.3
Pla adv
Pro dls 0.3
Pro ora 0.3 X X
Pro mol X X 0.4 0.3 X
Pro A
Pro par
Pag all 0.3 0.4 0,3 1.4
Pan com X
Pm  atl 0.3 X 0.6
Pm  cla
Pul bul 1.7 1.7 0.7 0.7 0.7 1.3 1.1 1.4 1.6 3.6 0.7
CO 930 J XOJ.




*0 *0 jod Ons
u|iu ois
► 0 X X ro CO CO CO 11 X X CO UI09 OIS
iua ids
VinqqOS
81 1C I * B'C V* * 0 33 03 D'Z 33 90 9 1 CO 9‘S 1C inq qdS
90 nbs us
|0J ois
X CO 11® «!S
|B9 MIS
40 ind d(s
81. 01 BZ c z c* VO 90 C l 40 X * 1 ajq d|S
CO 40 40 MO* uifs
U*| 0|S
CO *0 It* ois
ro CO ro CO C l CO •IP 0|S
*0 JM  M S
CO UIB| J*S
CO II* J*S




fr'O X X 10 X 9 0 0‘1 X X*ui in y



























X j s s  j J Q
iqo jA«j
CO X X CO sail i k d
X X ro jnui Md
d sp  Md
Ml P d
sna pid
X X 4 0 r i 40 CO 4'0 qn* Kid
34* 14* 99* 45* 45* isr 3** 13* 31* BO* 90* *0* C8C ie c ie c Mi«*a
913 9GBI b s h l i e 953 3*3 *95 95*1 93C 9CZ1 9S03 0*3 4961 B9S BC3 •id U IS S
6se
3 6 0
Sam pla 236 SOS 1067 240 2056 1230 325 1456 584 242 256 312 1450 1836 216




Toa waa 0.3 0.3 2.2 1.7 1.0 0.0 1.7 0.3 1.6 0.3 1.0 0.4
Trt bra 1.G 0.3 1.6 0.4 0.3 0.7 1.7 0.7 0.3 1.6 0.7 1.4
Trl iri










Uvl hla 0.7 0.4 0.7 2.0 0.0 0.7 2.0 1.0 1.4
Uvl laa 0.7 0.0 0.3 0.7 0.3 0.7 0.0 0.3 1.0 X
Uvl par 1.4 1.0 0.6 0,7 X 0.7 0.3 X 1.2 0.7 0.6 X
Uvl par 12.4 8.3 5.5 4.0 7.0 6.5 0.0 13.: 0.3 4.3 8.8 11.2 7.3 2.4 3.2
Uvl p dir X X X X
Vao obt 0.3
Vao pla
Val max X 3.0 0.4 0.7
Vat op! 1.4 4.6 2.3 0.7 5.3 0.3 2.2 3.5 3.0 2.3 1.2 1.4 5.3
Vas lag
361
573 576 1900 582 580 1685 574 217 218 611 602 214 1897 207 1852
loaplti 47! 47! 4B5 488 503 61! 518 518 618 51B 533 549 550 564 577
M t . 26.75 26.36 28.07 26.44 26.46 28.03 26.73 27.54 27.53 27.51 26.74] 27.63 28.04 27.46 27.79
Ispeclm . I 296 311 327 301 288 296 293 308 290 305 290 306 334 300 263
45 44 45 46 66 53 SO 54 54 52 51 64 48 36 47
D 7.7! 7.4fl| 7.60 7.88 9.71 9.12 8.62 9.25 9.35 8.92 8.82 9.26 B.09 6.14 8.26
H 2.96 2.98 2.61 3.11 3.09 3.1! 3.1! 3.38 3.14 3.31 3.26 3.01 2.7! 2.40 3.11
P3 0.19 0.26 0.16 0.30 0.16 0.18 0.28 0.27 0.21 0.27 0.26 0.2^ 0.14 0.14 0.19
E 0.44 0.45 0.30 0.49 0.36 0.43 0.45 0.53 0.43 0.53 O.S1 0.38 0.3! 0.31 0.48
J 0.76 0.76 0.66 0.81 0.77 0.7B 0.80 0.84 0.79 0.84 0.83 0.76 0.70 0.67 0.81
Abd pm 0.3 0.3 0.3 1.0 0.3 0.7 0.3 0.3 X
Ade olo




Amm par 0.3 0.3
Amm lep
Amp his 0.7 X X 0.7 0.6 1.0 0.3 X X
Amp sub
Amh gib









Asl turn 0.3 0.3
Big trr 0.3
Bol ala X X




Bol has 0.3 0.3 0.7 0.4
Bol imp
Bol low 2.C 3.9 12.2 1.0 0.7 2.7 0.3 1.3 2.4 2.6 2.1 2.9 12.6 1.6 3.8
Bol mln X 0.3 1.3 1.7 0.3 2.0 0.3 0.8





Bol s spl 0.3
Bol a mex 0.3 0.3 o.a 0.3 1.4 0.7 0.3 X
Bol Ira 0.6 0.7 1.4 0.3 1.8 X
Bol abr 0-3
Buchan
Bul acu 1.3 0.6 0.3 0.3 1.0 0.3 0.3 0.3 0.7 1.6 1.7 1.3 0.3 1.6 1.1
Bul ala 1.0 1.G 0 6 3.0 4.9 1.3 2.4 1.6 1.4 3.3 3.1 a e ___V5 1.5
Bul mar X 0.6 0.3
Bul max 6.4 B.G 0.6 5.0 13.2 3.3 5.8 0.3 4.9 3.4 1.0 1.2 1.3| 0.8
Bul spl 1.3 2.3 0.3 0.3 0.3 1.3 0.7 0.3 0.7 1.6 X 2.0 1.1
Bul ten
Bui ele
Bul mor 0.6 0.3
Cansaa
Car mex X 0.7 1.9 0.3 0.4
Cas car 0.6
Cas era 0.3 1.3 X 1.7 X 2.3 2.8 1.3 0.7 X 0.8
Cas cur 0.3 1.6 0.6 0.3 1.4 1.0 3.8 3.9 2.8 2.0 1.7 3.9 0.3 1.0 1.5
Cas mol
Cas neo 16.5 6.8 6.4 11.6 S.6 6.0 5.1 3.9 6.6 8.2 7,2 4.9 3.0 8.5 2.3
3 6 2
[Sample 673 676 1000 582 680 1885 574 217 218 611 602 214 1807] 207 1852
1 Depth 472 472 465 488 503 512 518 518 618 518 533 540 550 564 577
1.8 X 1.0 0.3 0.7 1.3 1.0 ___0 3 o.a 0.4
Cat tub 7.0 7.1 2.8 6.6 5.2 2.0 10.2 13.0 10.3 8.5 7.6 8.8 2.7 4.0 8.7
Cal par
Chi ool 0.3 X 0.3 0.3 X 1.1




Cil Inc 0.3 X 0.7 0.7 X 0.3 0.3 0.7 0 3 X
CU mol
CD mun 0.3 X
Cil p. bat 2.3 3.S 0.3 1.3 3.1 1.0 5.1 2.e 2.1 2.0 3.1 1.8 0.0 1.6 0.4
CM p. aub
Cii rob X 0.7 0.3 0.3 2.4 2.1 0.7 X X
CII limb 0.3 1.0 X 0.7 0.3 0.3 0.3 1.0 1.4 0.3

















Elp Ira 0.3 0.3 0.7 0.3








Fla III 0.3 0.7 1.0
Fla lae 0.3 0.3 0.8
Fia luc

















Fur com ' 0.3
Fur pon 0.3 0.3





Sam ple 573 57C ieo o 532 580 1385 574 217 213 611 602 214 1397 207 1852
DapHi 473 473 435 483 503 512 516 516 518 518 533 549 550 564 577
Qav Ira 7.7 13.C 11.0 12.0 17.0 12.7 11.6 5.5 5.2 13.1 12.1 4.2 5.4 38.6 5.3
Ola laa 0.3 0.3 0.3
Qto all X X 0.3 X X
Olo ovu X X
Olo pyr
Qlo p ad 0.3
Qlm cha
Olm oor
Orl pyr 0.3 X 0.3 0.3 0.3 X
Out pul
Out spl
Qyr ah 1.3 0 .6 0.3 0.7 0.7 X 1.4 1.6 0.3 X 0.7 0.4
Qvr laa X 0.3 0.3 0.3 0.7 0.3 0.9 X
Qyr nao 0.7 0.3
Qyr ool
Qyr rot 0.7 0.3 1.7 0.7 0.7 0.3 1.0 0.3
Qyr umb 1.0 0.3 0.9 1.7 0.3 1.3 1.6 0.7 0.3 0.3 1.3 0.6 0.7 1.5





Hoe ala X 0.3 0.3 0.3 X
Hot olo 0.3
loa him










Lao hoe 0.3 0.3 0.3
Lagacu 0.7
Lao laa 0.3












Lat spl 0.7 1.0 0.3 1.0 0.7 0.3 1.3 0.7 1.3 0.7 0.3 1.5
Lat apn
Lai sub 0.3 0.3 0.3 1.7 1.6 2.1 1.3
Lai pau X 0.7 X 1.4 0.3 0.7 0.3 X X
Lan all
Lan bow












2 0 CO GO CO CO )|B B«d
G'O JBd Old
V °Jd






8 0 O'Z CO CO CO 2 0 9 0 X X CO PB B|d
peui Old






► 0 GO CO (B| JBd
S I CO 9  1 CO CO GO G't CO C'Z CO CO CO D'l On) bso
* '0 0 1 CO inoB so
ssm po
X X CO CO X quin mo
11 GO BO CO D'l C l 8 0 9 0 CO uei mo















X 9 0 CO X 2 0 CO X JBd |BN
X GO X D'l CO GO 9 0 CO GO CO 9 0 U|UI OBN
JB| OBN
o n  m
jp im
CO j*q i*n
X X X 0 1 X 030 |B PIUJ03 |Bp|
CO sobpi
v b*ih
G'O CO jam  Bspi











G2S *9S DSS its CCS BIS 913 819 BIS SIS 60S B9* SB* 82* 82* igd*a
ZSBl GOZ GOBI *iz 809 119 915 GIZ ►2S 8991 OSS SBS DOS I 929 G2S BldUIBS
Sam ple 573 576 1900 582 580 1885 574 217 218 611 602 214 1897 207 1852
Depth 472 47! 485 488 503 512 516 516 518 518 533 549 550 564 577




Pvr mur X 0.3
Pyr naa X 0.3
Pyr obi




Qua laa 0.7 0.6 0.3 0.7 1.0 0.7 1.4 0.3 0.3 2.3
Qul ago
Qul bos 0.3




















Rot bas 0.3 0.3 0.3 0.3








Sig die 0.3 0.3 0.3 1.4
Slo all
Slo tan
Sim ach 0.3 0.3 0.3
Sip bra 0.7 1.3 X 0.7 1.0 2 .0 0.3 0.3 0.7 1 .0 1.3 0.3 X
Sip pul 1.9
Slh cal 0.3 0.3
Slo alf 0.3 0.3 0.3
Slo rol
Sit sou
Sph bul 4.4 3.2 0.9 2.3 5.2 4.0 1 .6 2.1 2 .0 5.9 1.3 0.3 0 .8
Sph but A 0.3
Spl ant









Sam pla 573 576 100C 552 580 1865 674 217 218 611 602 214 1897 207 1852




Toa wea 1.C 2.3 1.5 2.3 1.0 1.0 1.0 0.7 3.0 1.0 1.3 1.5 0.7 0.8
Trf bra 0.3 0.6 X 0.7 0.7 0.3 1.C 0.3 0.3 1.3 X X
Trl trl










Uvl hla 0.3 1.3 X 1.3 1.0 1.7 1.0 0.8 0.3 1.2 X
Uvl laa 1.C X 1.0 0.7 X
Uvl par 1.0 X 4.3 1.0 X 1.0 0.G 1.4 X
Uvl par 7.0 10.0 1.2 15.0 5.2 3.3 3.1 4.0 3.1 2.3 6.2 2.6 0.0 2.3 1.9
Uvl p dir X X X X
Vao obt 0.3
Vao pla
Val max 0.3 X 0.6
Val opl 2.7 2.6 3.7 4.0 2.1 3.3 S.5 7.8 3.4 4.3 4.1 2.6 2.4 3.3 4.2
Vaa lag
3 6 7
211 213 1076 597 2046 593 2030 274 1264 1 4 4 6 180 268 s o q 238 2050
m o th 579 678 569 598 597 610 619 625 639 667 671 671 67l| 678 685
Lat.
Lana. 93.26 93.31 91.51 96.23 69.78 96.22 91.48 94.47 92.02 92.97 94.30 96.21 94.08 09.69
271 271 338 301 303 289 266 305 297 288 304 313 312 256
B7 48 51 49 41 48 47 46 51 44 40 44 41 38 42
D 10.00 7.68 8.60 8.41 7.00 8.28 8.24 7.87 8.82 7.55 6.89 7.62 6.06 6.44 7.39
H 3.37 3.13 3.03 3.13 2.66 3.01 3.18 3.03 2.92 2.61 3.09 2.91 3.03 2.67 3.02
P3 0.27 0.28 0.20 0.27 0.19 0.21 0.28 0.22 0.17 0.15 0.21 0.19 0.26 0.11 0.22
E 0.60 0.61 0.42 0.47 0.38 0.42 0.61 0.45 0.36 0.31 0.55 0.42 0.51 0.38 0.49
J O.B3 0.82 0.77 0.60 0.72 0.78 0.83 0.79 0.74 0.69 0.B4 0.77 0.02 0.73 0.81
Abd d m 0.3 0.3 0.3 0.3 1.0 1.0
Ad* olo






Amo his 0.7] X X X X X














Bol alb 6.3 9.2 3.6 7.6 7.6 6.9 3.0 2.6 3.1 4.0 4 9 4.9 4.2 21.1





Bol low 1.6 1.8 4.4 1.0 4.6 0.3 3.0 1.8 5.9 4.0 0.7 0.7 0.6 3.0 3.1
Bol mln 0.4 0.3 X X 0.7 0.3




Bol a spl 0.3
Bol b max 0.7 X X 0.3 0.3 o.s! 0.3
Bol Ira 0.7 0.4 0.3 1.0 0.8 1.4 0.7 0.3 0.6 X
Bol abr X 0.4 0.3 0.4
Buchan
Bulacu 0.4 X 1.3 1.3 1.7 0.4 2.6 1.4 0.3 3.5i 7.7 1'°l 3.5
Bul ala 4.4 3.7 2.4 7.0 0.3 5.8 2.6 2.3 3,1 1.0 6.3 2.6 8.9 2.6 6.3
Bul mar 0.7
Bul max 0.7 X 6.0 2.0 2.8 1.1 2.3 1.0 X 0.3 0.3 3.5 1.0 X
Bul spl 1.8 0.7 3.0 1.7 0.3 1.0 0.4 0.7 0.3 X 0.7 3.6 1.0 2.6 2.0
Bul tan
Bui ala 0.3 0.3 0.4
Bul mor
Can sag
Car max 0.7 0.4 0.3 0.3 X 0.4 0.3 ___03 0.3 0.3 0.3 X
Caa car
Cas era 0.4 0.6 X 1.1 1.3
Cas cur 2.2 2.6 0.6 X 1.4 0.8 3.6 0.3 X 0.7 0.3 0.6 1.0
Cas mol
Caa nao 2.2 S.S 2.7 __£ 0 3.3 12.8 1.9 12.1 4.5 1.7 2.4 5.3 8.0 5.1 0.8
3 6 8
S iin p lt 211 213 1076 597 2046 593 2030 274 1264 1446 180 265 690 238 2050
Depth 579 676 589 595 597 610 616 626 639 6671 671 671 671 678 685
Cm  n aus 0.4 0.7 0.9 1.0 X 0.3 0.3
Cm  tub 11.1 10.0 7.7 7.0 2.0 6.6 10.6 7.6 4.2 6.4 19.1 7.6 6.3 5.4 7.4
Cal oar
Chi ool 1.1 X X 2.3 0.3 0.7 0.3 0.3 0.8
Cb ban X X 0.8 0.3 X X 1.0 0.3 X
Cb nig 0.4 X 0.3 X
Cb wue
Cic A 0.3
CH Inc 0.4 X 0.7 X X X
Cil mol
Cil mun 0.4 2.2 X 1.3 0.3 X X 0.7 0.7 0.4
Cil p. bat 4.4 1.1 0.9 5.6 1.3 2.4 0.4 3.0 2.1 1.3 2.6 2.6 3.8 1.0 3.1
CH p. tub
Cil rob 0.7 0.3 0.3 0.3 0.4 0.3 X 0.7 0.3 1.0
Cil limb 0.4 X X 0.3
Cla max X
Cor Inc 0.3
Cri nit 0.3 0.3
CH ad
CH aub
CH wia 1.2 0.3 0.4

















Fia bll 0.3 0.3
Fia c m
Fia cue 0.3
Fia III 0.4 0.7 0.7 0.3
Fla laa 0.3
Fla luc
Fla mar 0.3 0.3 0.3 0.3i





Fla ten 0.4 0.3 0.4
Fia wie
FiaC









Fur tem X X 0.4 X 0.3 X
Qauaeq
Sam el# 211 213 1076 507 2048 503 2030 274 1264 1448 160 265 500 238 2050
Daptli 870 576 6BS 60S 507 610 610 625 630 667 671 671 671 676 685
Qav Ira 10.3 12.8 8.0 12.0 0.6] 13.1 4.6 14.4 0.7 4.0 6.0 17.6 12.8 10.0 3.0
Qla laa 0.4




Qlm cha X 1.0 X X
Qlm gor
Qrl pyr X X
Qut pul
Out api 0.3
Qyr alt 1.1 1.1 0.6 0.3 0.7 t.o 1.5 0.7 0.3 0.3 0.3 0.8
Qyr laa 0.4 0.3 0.7 0.4 X X 1.2
Qyr nao X X
Qyr ool X 0.7 0.8
Qyr rot 0.4 2.0 1.0 1.4 0.3 1.7 1.0 0.3
Qyr umb 0.4 4.8 0.6 0.3 0.3 1.0 1.6 0.3 0.3 1.4 1.3 2.2 X





Hoa ala X X X 0.3 X X 0.6 X
Hor Qlo 0.3
loa turn
Kar bra X X X X X X
























Lat aol 0.4 1.2 0.3 X 0.3 0.8 1.0 2.1 0.3 1.0 0.3 X
Lat spn 0.4
Lat sub 0.7 0.6 0.3 0.4
Lai pau 0.7 X 0.3 X X X 0.3 0.7 0.7 0.6 0.8
Lan all
Lan bow
Lan cal 0.4 0.3 X 0.3 0.3
Lan d a
Lan con 0.3 0.7
Lan cul 0.4 0.3 0.3
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Sarnpla 211 213 1076 607 2048 603 2030 274 1264 1445 180 265 500 235 2050
D » lh 572 672 582 505 507 610 612 625 630 667 671 671 671 676 685




Pyr mur X 0.3
Pyr naa 0.4 X X
Pyr obi 0.5



























Rot baa X 0.3
Rut mex 0.7 0.4 X X X X X 0.4
Rut tan 0.4 0.3 0.3
Sac all
Sao ram
Sag dim X 0.3
Sar alt 0.4 0.4
Sar jam
Saa aar 0.4 0.3
Slo dla
Slo all 0.3 0.3 0.3 0.4
Slg ten
Sim ach 0.4 1.0 0.3 0.6 0.4
Sip bra 0.7 o.e 0.7 X 0.3 X 1.0 1.7 0.3
Sip pul 1.1 0.8
Sih cal 0.3
Slo aft X X
Slo rol
Sit 8QU 0.3
Sph bul 2.2 1.5 1.8 6.6 3.3 3.1 1.1 1.6 2.1 0.3 2.1 1.6 2.2 0.3 0.4
Sph bul A
Spl ant









Sam ple 211 213 1076 587 2046 503 2030 274 1264 1448 180 265 500 236 2050
Depth 578 576 s s t 505 507 610 616 625 630 667 671 671 671 676 665
Tm may
Tax max X X
Tol set)
TO* WML 0.4 0.7 0 .6 1.3 0.3 2.4 1.6 1.3 0.7 2.4 1.0 1.3 0.3 3.1
Tit bra 1.1 1.5 0.3 0.3 0.4 1.0 0.7 0.3 1.4 1.6 2.6 0 .6
Trl Irt










Uvl his 0.4 0.3 0.3 X 0.3 X 0.3 0.3
Uvl laa 0.4 0.4 X 0.7 0.7
Uvl par X
Uvl par 5.5 1.5 0 .6 0 .0 13.5 3.6 3.0 5.6 0.3 2.0 6 .0 5.0 7.0 3 .2 0 .6




Val opl 4.1 4.4 4.1 2.3 1.7 2 .6 7.5 5.J 2 .6 5.4 5.6 3.3 1.6 2 .2 0 .6
Vas lag
3 7 3
Sam ple 542 1760 1933 2001 2032 1301 254 1903 1873 2024 187 412 1326 2046 166
Depth 701 72S 732 735 745 771 777 793 805 812 823 823 835 851 653
Lat. 25.S1 27.5S 27.90 27.46 27.71 28.94 27.56 27.42 27.66 27.50 27.51 27.02 26.97 27.01 27.53
Long. 96.10 94.47 89.83 92.90 91.17 68.46 94.26 92.07 91.35 02.30 02.93 96.04 88.45 80.77 02.88
Spaelm . 302 270 284 246 291 276 204 258 246 282 268 306 308 260 404
S pae laa 64 44 42 40 38 63 46 SO 36 60 48 42 47 50 48
D 11.03 7.64 7.26 7.07 6.52 9.26 7.02 8.82 6.71 10.46 8.30 7.16 8.03 8.76 7.83
H 3.51 3.01 3.06 3.14 3.07 3.16 3.14 3.23 3.07 3.55 3.13 2.96 3.03 3.08 2.77
P3 0.28 0.22 0.27 0.30 0.21 0.31 0.31 0.20 0.2B 0.20 0.28 0.26 0.16 0.28 0.30
E 0.53 0.46 0.52 0.58 0.57 0.44 0.5C 0.51 0.57 0.58 0.48 0.47 0.44 0.43 0.33
J 0.64 0.70 0.62 0.65 0.64 0.79 0.62 0.83 0.64 0.87 0.61 O.BO 0.70 0.70 0.72
AM H i 0.4 0.4 0.7 0.4 0.7 1.2 0.4 0.3 0.5
Ado olo















Asa ere 0.3 0.4
Asa A
Ast gal
Ast turn X X
Big Irr
Bol ala X X
Bol alb 7.6 3.2 6.0 3.2 5.5 1.6 0.6 3,0 6.0 7.1 8.3 7.5 8.4 3.0 0.2
Bol bar 1.0
Bol fra 1.0 0.4
Bol goe
Bol baa 0.4 0.7
Bol imp
Bot low 0.3 16.1 3.5 5.2 1.7 12.4< 1.C 1.2 2.4 2.1 2.4 7.6 4.5 10.8 1.2
Bol min 1.5 0.3 0.3 0.4




Bol s spl 0.3 X
Bol s  mex 6.3 X X X X 0.3 X 0.4 X 0.4 0.7
Bol Ira 0.3 0.4 X X 0.4 2.0 0.6 0.7 X 0.7
Bol abr 0.4 X X 0.3 X 0.7 0.6 X X 1.4 X 2.5
Buchan 0.3
Bul acu 1.7 0.4 1.1 X 1.0 0.7 3.1 0.8 2.0 2.5 2.1 1.6 3.6 2.2 14.6
Bul ala 4.0 3.6 1.6 2.6 3.1 2.0 7.5 4.3 3.6 6.0 10.4 4.2 3.6 2.2 5.4
Bul mar 0.7
Bul mex 2.3 0.4 0.4 0.7 X X 0.4 0.3 6.5 1.5j 0.5





Car mex X X 0.8 0.3 0.4 1.0 X X 2.1 0.7 0.3 X X 0.7
Cas car 0.4
Cas era 0.7 2.1 0.7 0.3
Cas cur 2.3 0.4 X 1,1 0.4 0.3 X X 0.2
Cas mol
Casneo 5.0 1.1 2.1 1.6 4.1 9.5 0.7 1.2 1.2 0.7 0.7 0.7 25.3 5.6 4.5
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Mat oec 0.3 X X X 0.3 X 0.2
Mat bar 1.0 0.2
Mil clr 0.3 0.3
Mil lie
Nee tar
Nao mln 0.7 X 1.2 2.1 X 0.4 X 1.8 1.0 0.4
Nal par 0.4 X X X X 0.3 1.2 X 0.7 1.0 0.3 X X 0.2
Nal vll
Nod aub
Non opi 0.7 X
Noo lab




Ool olo 0.4 1.1 0.3





Orl ate X X X 0.7 X 0.3 X
Orl ten 1.7 0.7 0.4 0.8 1.4 0.4 0.3 1.2 0.8 0.7 0.3 0.7
Orl umb X X X X X X X 0.3 X
Oil was
Oaacul 2.0 5.0 4.6 3.2 3.8 4.7 8.G 3.5 2.4 3.5 3.5 3.8 4.2 0.7
Oaa ruo 0.4 1.1 X 2.1 0.7 2.3 0.4 1.1 2.4 1.0 0.4






Pau lar X 0.4 0.3
Pto mad
Pla art X X X o.a X 0.4 X 0.7 0.5
Pla exo 0.3
Pla lov 0.3
PIa adv 0.4 X X
Pro dla
Pro ara X 0.3 X






Paa cla o ^
Pul bul 1.0 0.4 X 0.3 0.4 X 0.7 0.3 0.4 0.5
330 | X*1




z o 90 £0 JOO Oflg
90 u|ui eis
s o 9*0 c o i'O i'O X 90 i'O X 91 BO X £0 uioo ais
iu *  t d s
V i n q q d s
► 0 91 EC ►'I S'Z B'O 90 90 £0 Z'l I 'l 91 O'C inq  q d s
l ib s  u s
|0 J  o i s
X H* 0|S
GO i w  m s
£0 ind d | s
X X £ 0 90 * j q  d |S
90 GO CO i'O 90 MO* ui|S
u*l b i s
z o t o II* bis
CO Sjp 0|S
i'O £0 91 O'Z 90 IB *  B*S
UJBj JBS
II* » S
X CO X X ui|p B«s
uiei oos
II* oos
GO CO r o CO 90 usi mu
X 90 X r o X X X 90 X X x*ui mu
X 90 90 £0 s * q  m u
e n s  s o u
j s d  s o u
r o r o 9 0 uoo sou
UB9 s o u
|n q  sou
s i q  q o u





90 o o s  o * u







CO r o u*o |no
ro soq (no
00b |no
1 1 0‘I i ' l OZ Z 'l CZ i'O £0 9'Z O'Z 91 I 'l CO **l*nO
90 B|Z sno
q d s  bA d
S*A JAd
X X CO X JBS JAd
iqo i*d
SBU JAd
z o CO X X CO jnui jAd
CO dap JAd
Pi 9»d
GO i'O Z'l B'O sns md
01 ► 0 90 £ 0 O'I X B'O 90 CO X B'O ro 90 q n »  m d
c s s ISO SCO cze ezo Z10 SOB COi £ £ £ l i i S 9 £ SCi ZCi 9Z£ ioi q i d * a
9 0 1 890Z 9ZGI Z19 £01 9Zoz GiOl c ee i 98Z 10CI ZCOZ lOOZ GCOl 99£l E9S • | d u i * s
LLZ
3 7 8
Sam ple S4S 1760 1033 2001 2032 1301 254 1003 1873 2024 187 412 1326 2048 186




Toa wea 1.6 1.8 2.8 4.5 0.7 0.3 1.6 0.6 2.1 1.3 1.6 1.1
Trt bra 0.4 0.4 X X 0.7 0.3 X 0.4 0.3 X 0.4 0.5
Tri trt









Uvl hip 0.4 0.4
Uvl hie
Uvl lae 1.7 0.4 0.6
Uvl par 4.6
Uvl par 11.6 1.6 5.6 3.2 4.1 2.5 0.2 4.3 4.8 6.0 8.3 11.1 4.2 1.0 14.4




Val opl 0.3 7.2 6.7 4.8 5.5 1.6 3.4 4 .3 6.0 4.3 3.8 2.6 1 .6 4.5 3.5
Vaa lag 0.4
3 7 9
Sam ple 108! 2033 243' 244 1088 1330 1040 248 246 1025 1352 2041 13851 2045 1371
Depth 875 876 802 802 018 028 068 078 075 1000 1034 1058 1082 1003 1110
Let. 27.36 27.62 27.40 27.40 27.30 27.70 27.50 27.51 27.67 28.12 27.81 27.56 28.06
Lena. 02.61 01.07 04.30 04.30 02.84 80.88 04.38 04.37 00.11 80.17 00.44 00.14 80.16
261 251 275 302 270 277 337 301 308 285 330 201 204 202
48 46 38 45 56 43 67 41 41 60 45 51 40 51 40
D 8.61 8.14 6.50 7.71 0.77 7.47 0.62 7.01 6.08 8.67 7.55 8.81 6.08 8.80 8.46
H 3.26 3,10 2.07 3.00 3.37 3.23 3.37 3.02 3.05 3.23 3.24 3.14 3.14 3.21 3.07
P3 0.30 0.26 0.31 0.27 0.30 0.33 0.28 0.26 0.20 0.26 0.31 0.27 0.28 0.30 0.20
E 0.54 0.53 0.51 0.40 0.52 0.58 0.51 0.50 0.52 0.56 0.57 0.45 0.58 0.40 0.44
J 0.64 0.83 0.62 0.81 0.84 0.86 0.83 0.81 0.82 0.85 0.85 0.80 0.85 0.82 0.70
AM pae 0.4 0.3 0.3 0.6 X X 0.3
Ada ole


















Aat turn X 0.4 0.3 X 0.3 X
Bla Irr
Bol ala X 0.4 0.3 X




Bol has X 0.3
Bol imp
Bol low 3.3 5.8 13.1 7.6 0.7 8.7 4.3 15.8 11.0 2 .e l 10.6 4.1 5.3 7.1 7.2
Bol mln II 0.3




Bol a max 0.4 0.4 0.3 X 0.4 0.3
Bol Ira 0.4 X X X X X 0.3
Bol abr 0.4 0.8 1.1 X 2.1 1.3 0.4 2.1 2.4 1.1 1.7 0.7
Buchan
Bui acu 1.6 0.8 2.2 1.3 8.6 2.8 5.0 5.5 7.7 8.6 7.2 6.0 2.0 7.5
Bui ala 6.6 4.0 3.3 5.3 4.3 2.8 5.3 5.0 7.5 4.2 3.8 10.7 5.6 4.1 5.5
Bui mar
Bui max X X 0.7 0.4 2.8 0.3 0.3 X X 0.3 X X X
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Sam ple 1885 2033 243 244 1988 1330 1940 248 246 1925 1352 2041 1385 2045 1371£I





















Neo mln 1.2 1.2 2.2 1.4 1.! 1.0 1.8 X 2.1 1.7 0.7








Ool bol 0.4 1.0
Ool alo 0.4 0.4 0.3 0.3
Ool hex 0.4 X 0.3 X
Ool ovu
Ool A
Ool 8 0.8 0.3
OolC 0.4 0.3
Orl ste X
Ori ten 0.8 0.4 1.5 0.3 0.4 1.4 0.7 0.6 1.1 0.9 1.4 1.5 1.7 0.3
Orl umb X 0.3 X X 0.6 0.7 0.3 X X X X X X
Or! wee
Otaeul 1.6 3.8 0.7 5.3 1.8 6 5 5.6 2.3 3.2 2.5 3.8 3.1 6.0 3.1 2.7
Oaa rua X 2.8 0.7 1.0 1.1 0.4 0.3 0.3 0.3 1.4 0.3 1.0 1.1 1.7 1.0













Pro ora X X







Pul but X 1.2 0.7 0.3 X X 0.7 2.3 0.4 X X X X
Oampla 108S 2033 243 244 1088 1330 1040 245 246 1025 1352 2041 1385 2045 1371
Dapth S7S 878 802 802 018 028 066 076 075 1000 1034 1056 1082 1003 1110
Pul tub 0.4 X 0.7 0.7 X 1.2 0.3 0.3 1.1 12 0.3 0.8 1.7 0.7








Pvo aph 0.7 0.3
Ouaala
Qualaa 2.0 4.0 1.5 0.3 1.8 0.7 1.5 1.3 1.6 1.4 1.5 1.4 1.C 1.0
Quiagg
Oul boa














Rob bra X X
Roa buf
Roa can




Rut max X 0.3 0.4 X X X
Rut ten 0.6 0.7 0.6 0.3
Sac all
Sao ram
Sag dim 0.4 X X 0.3 X X 0.3
Sar alt
Sar lam
Saa aar 0.4 2.4 1.0 0.3
Sio dla 0.3
Sio aH 0.8 0.4 0.3
Sio tan







Spb bul 0.6 X 1.8 2.0 0.7 1.8 X 2.7 0.3 2.8 0.3 0.7 0.4 X 1.0
Sphbul A X
Spl ant









Sam ola 1905 2033 243 244 198B 1330 1940 245 246 1925 1352 2041 1366 2046 1371




Tba waa 3.6 2.6 0.4 2.0 1.6 0.7 1.2 1.1 1.5 1.0 0.4 1.4 X
Trt bra X X 0.4 0.4 X X X X
Trt Irl




Tro lap 0.3 0.3
Tro aua
Tro taa




Uvl laa 1.1 0.3
Uvl par
Uvl par 4.0 5 .2 11.3 12.9 5.4 4.3 5.0 10.3 5.0 6.1 6.2 2.4 6 .3 4.1 5.5




Val opl 4.6 4.4 2.9 2.6 2 .9 3.2 4.7 8.0 7.1 4.6 5.3 3.4 3.4 3.1 3.1
Vaa lag
Sam pla 13601 13621 12661 15841 12741
Depth 12041 1241 1314 136U 1361
La t.
Long. 80.13 80.14 00.40 02.13 00.42
207 343 346 207 307
48 50 60 50 65
D 8.25 0.04 10.00 10.10 11.16
H 3.27 3.37 3.33 3.26 3.40
P3 0.26 0.20 0.24 0.32 0.20
E 0.55 0.40 0.47 0.44 0.46
J 0.85 0.83 0.81 0.80 0.81
Abd p m X 0.3
Ada old 1.3



























Bol low 5.7 0.6 4.0 1.3 4.0
Bol min
Bol ord 1.0 0.3 0.6 1.7 2 .0
Bol PSB 0.3 0.3 0.3
Bol pus X X 1.0
Bol strl
Bol a spl
Bol s  max
Bol Ira X X X
Bol tbr 1.0 X 1.4 X 0,7
Buchan
Bui acu 7.1 1 0 .8 0 .0 6.6 B.B
Bui ala 3.4 4.4 2.0 1.0
Bui mar
Bui max X X 0.3 1.0 X
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1360 1362 1268 1564 1274
Depth 1204 1241 1314 1360 1361
Qev tra 1.3 1.7 0.3 X
Ola Im 1









Syr all 1.3 0.3 0.3 0.3 0.3
Qvr laa 3.0 2.3 4.3 4.0 1.3
Qvr nao
Qyr pol 2.0 1.6 2.0 1.7 1.6
Qyr rol 0.7






Hoe ala X 0.3 X X X
Hot alo 0.3 0.3 0.7
loa turn 0.6 1.3 0.7
Kar bra X























Lat apl 0.7 0.3 o.g 0.7 0.7
Lai apn
la l eub











X X X X inq |Hd
GO a p  8*d
i n  M d
U100 USd
i n  0*d
ia d  o jd
V <Md






GO p a  a y
poll! 0 |d
i s i  n ad
OJBd
g i a d
so v  n d
a sd  la d
p u i « d
O'I CO S'O CO ia | ia d
X X X X GO Dru a*o
O'I i 'C CZ O'Z f t in o a s o
SOM |I0
X X 9 0 so CL quin p o
O'I 0 1 i'L uai MO
X a n  MO
GO 0 l° O
8 1°0












i'O O'l. Cl V i CL ia d  |bn
9 1 CO 9 0 Zl D'L uiui obn
J0 | 06N
*ii tin
j p  n n
ja q  |*W
X X CO 3*0 nn











a * a - |
V u*1
ia a  u a i
d a s  ua*|
L9CL 09G1 m i L t d t o z i t l ld a a
tZZL tB S l 89ZL SBC I D9GL a id u ia s
Sam pla 1360 136: 1268 1684 1274
Depth 1204 1241 1314 1360 1361
Pul tub 1.3 2.3 X 2.4 0.7























Rha aby 0.7 0.7 1.0











Rul ten 0.3 0.3
Sac all






Sig all 0.3 0.3 0.3 0.3
Slg lan
Sim ach 0.7 0.3 0.6 0.7
Sip bra
Sip pul
Sih cal 0.6 0.3
Sio all
Sio rot
Sll aqu 0.3 0.3 1.3
Soh bul 1.0 1.2 0.3 1.0 0.3
Sphbul A
Spl ant

















Tro Inf 0.6 1.3 0.7
Tro lao 1.0
Tro qua
Tro taa 1.2 0.3






Uvl par 4.7 6,7 1.4 6.4 1.3









Sam pta 1S74 1673 2015 1419 2010 1536 1846 2023 1557 1550 1459
Dapth (m) 283 311 316 346 351 370 391 401 430 437 466
L atltuda 27.67 27.66 27.72 27.82 27.71 27.80 27.6 27.76 27.61 27.61 27.76
L onoltuda 93.66 93.67 93.81 92.09 94.74 92.66 91.19 92.59 93.01 93.04 91.98
S p ad m an a 328 277 341 288 316 306 301 267 317 338 343
S pac laa 66 62 63 63 51 52 55 58 46 60 44
Maraalaf'a 0 9.84 9.07 10.63 10.95 8.69 8.91 9.46 10.07 7.81 10.13 7.37
Shannon-Wlanar H 3.46 3.45 3.41 3.63 3.30 3.17 3.50 3.62 3.04 3.33 2.37
Platou'a P3 0.26 0.26 0.20 0.30 0.26 0.25 0.30 0.28 0.23 0.29 0.07
Eaultablllty E 0.57 0.61 0.48 0.60 0.53 0.46 0.60 0.64 0.45 0.47 0.24
Platou'a J 0.86 0.87 0.82 0.88 0.84 0.80 0.87 0.89 0.79 0.B1 0.63
Abdltodantrlx pseudothalmannl 0.3 0.3 X
Adarcotryma glomarata 0.3




Amphlcoryna hlaplda X X X X X X X X X
Amphlcoryna aublinaata X X X X
Amohlalaalna olbboaa 0.3
Angulogarlna lamalcansis
Anomallnoldas daprimua 0.3 0.4 X 0.3 X
Anomallmilla A 1.1 0.3 1.0 1.3 0.3
Artlcullna mayor! 0.3
Aatacoliis cf. A. crepldulus 0.3 0.6 0.7 0.3 0.3
Aslacolim A 0.3 0.3
Attrononlon lumldum
Bollvina alata X 4.3 X X
Bollvlna albatross 1 4.6 2.0 0.9 2.8 2.5 4.6 4.7 3.1 3.1 3.0 2.0
BolMna barbata X X 1.0 X X
Bollvlna fraallla X
Bollvlna goassl 0.3 X
Bollvlna haatata 0.6 0.3 0.3 X X 0.9
Bollvlna lowmanl 2.7 4.C 6.5 5.9 6.6 2.6 0,7 0.3 1.6 3.3 0.9
Bollvlna mayor!
Bollvina minima 2.4 0.7 1.8 3.8 1.9 0.7 1.7 0.7 0.3 0.6 X
Bolivlna ordlnarla 6.1 16.6 17.3 5.9 6.6 1.7 2.3 5.2 6.6 3.3 47.2
Bollvlna paaudoplieata
Bollvlna pusllla
Bollvlna atrlalula aplnala X X
Bollvlna subaenariansls mexlcana 3.4 2.2 4.4 3.1 0.6 1.7 5.3 3.8 0.3 1.2 X
Bollvlna translucans 0.3 0.4 X X X X 0.7 X 0.3 X 0.3
Bollvtnlta abrupta
Buecalla hannal
Bullmlna aculaata 0.6 0.9 X 5.0 1.3 1.2 2.9
Bullmlna marolnata X 0,7 X 3.1 X 0.7 X X X
Bullmlna maxlcana 0.6 X X X 0.6 1.C 4.0 1.4 0.9 2.4 4.1
Bullmlna spleata 1.6 3.2 3.5 2.4 3.2 10.1 8.3 5.2 3.1 2.1 0.6
Bullmlna tanula X
Bullmlnella alagantlaslma
Bullmlnalla morganl X 0.3 0.3 X
Canerfa aagra X X
Caribaanalla maxlcana X X X X X X
Caaaldullna cadnata
Cassldullna craaaa 1.1 0.3 X 0.6 0.3 1.0 4.2 1.6 X X
Caaaldullna curvaia 3.0 6.5 3.2 1.7 3.5 1.0 0.7 3.5 X 1.2 0.9
Caaaldullna naocarlnala 6.4 6.5 2.9 1.4 1.9 8.5 5.0 2.8 16.4 12.7 3.2
Caaaldullna norcroasl australis X 0.4 0.9 X 0.6 0.7 1.0 1.3 1.2 X
Caaaldullna aubgloboaa 8.6 11,2 8.8 7.6 5.1 6.5 4.0 8.4 9.1 11.8 3.5








Sam pla 1574 1573 2015 1418 2010 1536 1846 2023 1557 1550 1458
Dapth (m) 883 311 316 346 351 370 381 401 430 437 466
Clblcktoldoa oachvdarmua bathvalla 4.6 2.8 4.1 3.5 1.6 0.3 1.3 1.0 0.6 0.8 0.9
Cibiddoidaa robartaonlanua X 1.4 0.6 X
Oblcldoldoe umbonatua 1.5 0.7 1.5 2.1 X 0.3 X 2.1 0.6 0.6 X
Clavullna maxlcana X X X 0.3 X X X X X
Comuboullna Inconatana 0.6 0.6 1.7
Cornuaplra planorbia 0.3 0.3
Dantallna atbatroaal
Dantallna cuvlari
Dlacorblnalla barthalotl 0.3 X 0.3 2.1 X 0.7 0.3 X
Dlacorblnalla florldanela 0.3
Eooaralla bradvl 0.3 X 0.3 X
Eooaralla proplnoua
Ehranbarglna trigone 0.6 0.7 0.7
Elphidlum dlscoldala 0.3
Elohldlum tranalucana 0.3
Eolatomlnalla exlaua 1.1 1.2 0.7 3.G 1.3 2.C 3.5 0.8 0.3 0.6
Eplatominafla vllraa X 0.4 0.7 1.3 0.7 X 0.3
Eponldaa anlltlarum X X X X 0.7 X X X X
Flaaurina atatlfundata 0.3























Frendlcularia aaggltula X X
Furaankolna compraaaa X X X X 0.3 X X X
Furaankolna aemlnuda X X X 0.6
Gavellnopala tranalucana 4.8 18.6 0.3 2.8 8.8 15.7] 6.0 10.1 13.8 8.8 7.3




Qrioella pvrula X X X X X X X X X
Guttullna aplcaaformla
Qvroldlnoldaa altllormla X 0.4 X 0.3 0.3 X 1.3 0.3 0.3 X 0.3
Gvroldlnoldaa laavla K X X X X X X 0.3 X
Qvroldlnoldaa neoaoldanll X X X X X X
Gvroldlnoldaa pollua
Qvroldlnoldaa cf. rotundlmargo 0.3 0.3
Gvroldlnoldaa umbonatue 0.6 1.1 1.8 1.4 1.6 0.7 X 1.0 0.8 0.6 0.6
Hansenlaca reoularia 3.4 2.2 3.8 4.2 7.3 5.6 4.3 5.6 2.5 0.6 2.8
Hamawala atrattonl 0.4 0.3
Hoaglundlna alagana X 0.7 X X 0.3 X X X
Karrerielta bradvl 0.6 X X X X X X X X X X
Laavldantallna aphalla 0.3 0.8 0.3 0.3 0.3
Laavldanlallna atlanllca 0.7
3 9 4
Sam pla 1574 1573 2015 1410 2010 1636 1846 2023 1557 1550 145S
Dapth (m) 283 311 316 346 351 370 301 401 430 437 466







Laoana laavta 0.8 0.4 0.3 0.3
Laoana maridlonalia
Laoana maxlcana 1.2 0,3 0.3





Laoana almplax 0.4 0.3 0.3
Laoana atrlata baalaanta
Laoana R
Lalaroslomalla aplnaaeena o.e X X 0.3 0.0 X X 0.3 X 0.6 0.6
Lalaroatomalla aolnlcosta 0.3 0.3
Lalaroatonwlla aubaolnaacens 3.4 1.4 0.0 0.7 2.0 1.0 0.7 2.1 2.0
Latlearinlna pauparala
Lantlcullna atlanllca 0.3 0.3
Lantlcullna calcar X X 0.3 X X 0.3 0.3 0.7 0.6 X 0.3
Lantieullna clarlcil 0.3 0.3
Lantlcullna olbba 0.3 0 .3I 0.3
Lantlcullna lowmanl O.S 0.4 0.6] 0.3 0.3 0.6
Lantlcullna etblcularla 0.3
Lantlcullna aarpana 0.3
Llabuaalla aoldanll X X X
Llnoullna aaminuda X
Uarolnullna olabra 0.3 0.7
Marolnullna ebaaa 0.3
Uarolnullna A 0.7
Uarolnulopala olabrata X X X X X 0.3 X X
Marolnulopala marolnuloldaa X X X X X X
Uarilnottlalla communis
Uarilnottlalla occldantalla X X X X X X X X
Malonla barlaaanum X X 1.0 X
Naocrosbyla mlnuta X X X 2.1 3.2 1.0 0.7 1.4 0.0 1.6 0.6
Naolantlcullna paraorina X 0.7 0.3 0.3 0.3 X X 0.3 0.3 X
Naolantlcullna villa X X
Nodoaarla aubaeluta
Nonlonalla oplma X X X X •x X
Nonlonatta turolda 0.3
Nonlonalllna labrador/cum 0.6
Nonlonoldaa arataloupl X 0.4 0.0 0.3 X
Nummolocullna contrarla






Oollna haxaoona X X X
Oollna ovum
OoKnaC 0.3
Oridoraalla atallaiua X X X X






Sam pla 1574 1573 2015 1410 2010 1536 1646 2023 1557 1550 145S
Dapth (m) 283 311 316 346 351 370 391 401 430 437 466
ParaOssurina B 0.3
Paumotua of. P. tatebra 0.1 0.7 0.0 X 5.4 X 2.1 0.6 0.3
Phleoerla hvallnea
Planullna arimkiensla X X 1.2 0.3
Planullna exoma 0.3
PlanuNna tovaolata 3.0 1.6 1.8 21 0.3 0.3 1.0 0.7 0 6 X 0.3
Plectofrondlcularla advena X X X
Proearolaaana dlatoma
Proearolaaana oraellllmas X X
Proearolaaana mollis X X 0.6 X X X 0.3 X X X 0.3
Prollxoolada oarvula
Paaudogaudry/na atlantlca 1.2 0.4 0.6 1.4 X X 0.7 0.7 X 0.6
Paaudonodoaaria comatula X 0.7 X
Paaudononlon atlantleum X 0.3 0.3 X 0.3
Paaudononlon clavatum
Pullanla bulloldaa 0.3 X 0.3 X 0.6 0.3 0.3 0.3 X 0.6 X




Pvrao murrhlna X X X X X X
P m 10 naauta 0.6 X 0.3 0.3 0.6 X X 1.0 X 0.6 X
Pvrao oblonaa 0.3 0.3
Pvrao phleoerl 0.6 0.3





Ouadrlmorphlna laevigata 0.3 1.0 0.3
Oulnquahcullna aeminulum 2.1 0.4 0.3 0.7 0.3 0.6
Oulnaualocullna venusta
Ramullna olobullfara X X X X X X
Reuaaella atlantlca X
Robattlna ocaanlca
Robertlnoldas bradvl X X X X X 0.3 X X
Rosaline butoosa 0.4
Roaallna conclnna 0.3 0.3 0.7 0.3
Rosaline parkaraa 0.3 0.3
Roaallna suezensis 0.3
Rotorblnella basilica 0.0 1.1 1.2 X 0.3 0.7 0.7 1.3




Slamolllnlta distorts 1.2 1.1 1.2 0.6 0.3





Slphotaxtularla altinls 0.4 0.3
Sphaeroldlna bulloldaa 1.2 0.4 X 2.8 0.6 0.3 0.7 0.7 0.3 1.5 0.3
Stalnforthla complanala 0.3 X X X 0.3 0.3 0.3 X X 0.3 X
Statsonla mlnuta 0.3 0.4
Suaotunda porosa 0.7
Taxtularia candalana 0.3 0.6 0.3
Taxtularla eonlca
Taxtularia maxlcana 1.2 0.7 0.3 X X X X 0.3 X X
Texlularlella barrettl X X X X





sam pla 1574 1673 2015 1410 2010 1536 1646 2023 1657 1550 1450
Dwtti (ml 283 311 316 346 351 370 301 401 430 437 466




llvlaarlna hlaotdo-costata X X
Uvlaarlna laa via 4.0 1.4 2.6 3.5 1.C 1.0 0.3 1.0 1.3 1.8
Uvlaarlna parvuta 0.3 X 0.6 1.0 O.C 0.3 3.7 1.4 0.6 1.2 X
Uvlparlna paraorlna 4.0 3.6 4.4 1.7 1.6 3.0 6.0 3.6 6.6 0.8 4.7
Uvlaarlna paraorlna dlrupta X
Valvullnarla humllla 0.3
Valvullnarla maxlcana X 2.C 0.3
’Valvullnarta oplma" 0.7 4.1 5.2 0.3 3.0 0.7 5.0 3.8 3.5
Valvullnarla A 0.0 1.1 0.7 11.7 6.0 1.0 7.3 1.6 5.0 1.5
Vaslcoslalla alllptlca 0.3
Vaslcoalalla taoanoldes 0.6 0.3
3 9 7
Sam ple 1836 2011 1640 1657 1407 1669 1746 2026 1862 2030 2022 1451 1635 1680 1667
Dapth 471 524 520 534 563 579 579 579 se4 619 635 637 639 643 645
Lai. 27.6C 27.70 27.56 27.43 27.72 27.44 27.59 27.63 27.74 27.71 27.59 27.70 27.60 27.47 27.38
Long. 91.36 93.30 93.70 93.54 92.16 93.49 94.3S 91.90 91.33 91.46 92.64 92.00 94.20 93.39 93.47
Speelm 307 334 287 301 306 336 30! 273 344 317 346 317 279 314 283
S p ec ie* 53 67 42 52 51 58 48 47 52 46 49 46 45 45 42
D 8.91 9.64 7.24 8.94 8.74 9.80 7.71 6.20 8.73 7.81 6.21 7.81 7.81 7.65 7.26
H 3.05 3.24 2.77 3.18 3.13 3.21 2.85 3.37 3.21 3.11 3.16 2.85 2.93 2.84 2.95
P3 0.33 0.27 0.21 0.28 0.28 0.28 0.29 0.32 0.26 0.19 0.33 0.23 0.29 0.21 0.27
E 0.40 0.45 0.38 0.46 0.45 0.43 0.39 0.62 0.47 0.49 0.46 0.38 0.42 0.36 0.45
J 0.77 0.80 0.74 0.80 0.80 0.79 0.75 0.87 0.61 0.81 0.81 0.75 0.77 0.75 0.79
AM P M 0.3 X
Ada olo
Ala tur 0.3 3.0 5.6 4.7 11.1 3.3 12.3 2.9 8.7 0.9 6.6 13.2 6.1 9.6 4.2
All lev X
All A 0.3 0.3 0.4
Amm par 0.3





Anm A 0.3 0.7 0.6 0.9
Art may
Am  era
Asa A 0.3 0.3
Asl turn
Bol ala X 4.0 X 0.6 X
Bol alb 1.6 3.3 3.1 3.3 2.3 4.2 2.6 1.8 0.9 3.8 1.4 0.9 2.5 0.6 1.4
Bol bar X 0.3
Bol Ira
Bol goe X
Bol has 0.3 X
Bol low X 5.1 1.7 5.3 1.6 0.9 7.9 1.5 0.9 2.8 1.4 1.6 4.3 4,5 X
Bol may
Bol min 0.7 0.3 X 0.7 0.3 0.3 X 0.3 0.4
Bol ord 3.S 6.0 3.8 9.3 3.6 3.0 7.9 9.9 8.1 7.3 10.7 6.3 3.6 6.1 4.6
Bol pse
Bol pus
Bol s. spl X
Bol s. max 2.0 X X X 0.7 X X 0.3 X
Bol tra X 0.3 X X X X 2.2 0.3 0.3 1.7 X X 0.3
Bol abr
Buchan
Bul ecu 2.0 7.2 5.2 6.6 5.2 5.1 1.7 2.6 4.4 5.7 4.9 4.1 4.7 3.2 5.3
Bul mar 2.3 X
Bul max 15.S 2.1 0.3 2.3 2.0 2.4 0.3 2.6 4.9 X 1.7 0.9 X X 4.6
Bul spl 2.0 3.6 0.3 0.3 0.3 3.0 1.0 0.7 1.2 0.6 1.4 0.0 0.7 0.6 1.4
Bul ten
Bul ala 0.3 0.4
Bul mor X 0.3 X
Can sag
Car max X X 0.3 X 0.3 X X X X X 0.6 X X X
Cas car
Ca* era 1.C 0.3 0.3 1.0 0.3 0.9 X X 0.9 X X
Cas cur 0.3 1.6 1.7 2.0 2.6 0.6 0.7 5.9 3.5 3.5 0.9 X 0.7 0.3 0.4
Cas neo 14.0 1.2 1.7 3.3 3.0 7.7 2.6 2.2 6.4 2.8 3.2 6.6 1.8 4.1 3.9
C aan au s 0.3 2.1 0.3 X 0.9 X 0.7 X X 0.3
C aasub 2.0 11.4 11.1 8.0 5.9 11.6 17.S 4.0 4.4 7.3 11.0 9.5 12.5 6.0 18.4
Chi ool 0.3 X 0.4 X X 0.6 X 0.4 X
C b  ban X X 0.3 0.3 X 0.3 0.3 0.4 0.3 0.3 0.9 0.9 0.7 0.3 0.4
C b  rug X X X
C b  wue X 0.3 X
CH Inc X X X X 1.5 0.3 0.3 X 0.3 0.4 X X
CH mol
CM mun 0.3 X 0.3
398
Sam ple 1636 2011 1640 1657 1407 1669 1746 2026 1862 2030 2022 1451 1635 1680 1667
Dapth 471 624 52B 634 563 679 579 679 596 619 635 637 639 643 645
CHp. bat X 2.7 1.4 2.7 0.3 1.5 1.3 1.1 0.9 1.3 1.4 0.9 2.5 1.0 6.4
Cil rob X 0.9 X X X 1.8 1.0 X X X 0.3 0.9 0.4 0.6 1.1
CH umb X 0.3 X 0.3 0.7 0.3 X X 0.3 X 0.6 X X X
Cta max X X X X X X X X X X X X











Epi exl 0.3 0.6 2.0 0.3 0.7 1.1 1.5 0.3 0.6 0.6 0.4 4.6 0.4
Epl vit 0.7 0.3 0.3 0.4
Epo am X X
Fia ala 0.3 1.0 0.3 0.3
Fla bia 0.4 0.3 0.6
Fla bit 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.4
Fia cua 0.3 0.4
Fia ach
Fia Hi 0.3
Fla lae 0.3 0.4 0.3
Ha luc
Ha mar
Fia mil 0.3 0.3 0.3 0.6















Fur com X X
Fur asm X X X X X 0.7 0.3 X X X X X
Qav tra 13.7 8.1 9.3 14.6 17.0 15.S 7.6 9.6 14.5 18.6 9.2 20.5 10.8 23.2 14.5




Qri pvr X X X X X
Gut api
Qyr all 0.7 X 0.3 0.7 0.3 1.2 0.7 1.1 X 1.3 2.0 0.3 0.4 1.0 0.4
Qyr lae 0.3 0.3 X X 0.7 0.3 X 0.3 0.6 X X X 0.3 X
Qyr neo X X
Qvr pol 0.4 0.6 1.4
Qvr rot 0.3 0.4
Qvr umb 1.C 0.6 0.3 1.3 0.7 0.3 0.7 0.4 0.3 0.3 0.6 0.9 0.7 X 0.7
Han rao 2.3 0.6 1.7 0.3 1.3 1.5 0.3 1.8 4.4 1.9 1.7 0.9 X 1.0 0.4
Haz air
Hoa ale 0.3 X X 0.3 X X X X X X X X X X
Kar bra X X 0.7 X X X X X X X X X X X X
Laa aoh 0.3
Lae atl
CO CO aad  JBd
CO pUI M d
GO CO 51 1«| JBd
X X X X t o X X X CO Dm n o
X X X quin mo
I ' l 8 2 > 0 £ 1 CO 6 0 CO 11 GO 9 0 i'O CO £ 0 9 0 9'C u a i MO
X X X X CO X t o X CO X X X X •I*  MO
CO CO 0 1 0 0
nxo |o o
X X X X xaq |o o
JW4 lo o
o |0  |oo
t°q  l o o
IP  t ° 0
oop P N
> 0 GO i'O 9 0 CO 1 0 CO 0 1 i ' l D'l 9 0 C l jj| i u h n
uoo uihn




qn cp o N
IIA ION
X X X X X CO X X X X X X X X ja d  ion
n 2 2 C t X O'Z 0 '9 9 0 0 1 C l 6 0 Z t 0 1 f t CO CO u|iu oon
X I'l X |»n
X t o X X X X X X X X X X 930 |IH
iuo9
jbui o « n
bio oan
aqo j a p
bi s j«n
X UIBB U|*|
io i o n
t'O GO job uai
qjo uai
CO CO moi uai
GO CO CO qO uai
0P uai
X 9 0 X CO |vo uai
IP uai
X X t o 9 0 CO CO CO X CO X X n a d p i
t o GO 9 0 2 1 S C 9'Z 8 2 CO CO i'O C l CO I'Z i'O qna P I
uda p i
9 1 GO 1 1 9 0 9 0 6 0 6 0 t o D'l X C l 0 1 £ 0 9 0 X Ida P I
H » n
r o eaq a 0«i
CO CO CO uip 6«i
CO aaa o a i
CO CO ja d  Oai
IP  o a i
t o CO oau o a i
CO 9 0 qau o a i
GO CO £ 0 CO xaui oai
CO jbui o a i
CO 2 1 CO CO CO CO aai O ai
CO x p  Uai
a o q o a i
CO 9 0 •N
CO d|M Aai
CO Mo o a i
IP  a a i
M a a i
S t9 Ct9 BG9 £C9 SG9 619 90S 6£9 6£S »£9 G99 t€9 6S9 tZ 9 l i t W O a a
£991 9991 9G91 I S t l 2202 ocoz 2981 9S0Z 9 t i l 9991 i O t l £991 D t9 ! H O E 9C91 a i d u i a f
6 6 £
4 0 0
Sam ple 1836 2011 1640 1657 1407 1666 1746 2026 1662 2030 2022 1451 1635 1680 1667
Dapth 471 S24 620 534 563 576 576 576 598 610 635 637 630 643 645
Parfi
Pau tar X 0.3 0.7 0.3 0.3 XII
Pla art X 0.3 0.7 1.3 0.3 0.3 0.7 0.4 1.5 0.6 X X X X X
Pla exo
Pla lov 1.6
Pla adv X X X X X X X
Pro dia
Pro ora X X X X X X
Pro mol X X X 0.7 X X X 0.3 0.6 0.3 X X X X
Pro par 0.3 0.3




Pul bul 1.3 X 0.7 X 0.3 X X 0.4 X 0.3 0.0 0.3 X 0.3 0.4




Pyr mur X X X 0.3 0.3 0.7 X 0.4
Pvr nai 0.3 X X X 0.4
Pyr obi 0.3 0.6
Pyr phi
Pyr aar X X X X X X X
Pvr vaa
Qua ola 0.3
Oul blc 0.4 0.3 0.4
Oul can 0.3 0.4
Qua laa 0,7 0.3 0.7 0.3 0.9 2.6 0.6 0.6 0.7









Roa sue 0.3 0.3
Rot baa 0.3 X 0.4
Rut max 1.0 X X 0.3 X 1.5 X X X X X
Rut ten
Sar iam 0.3
Saa aar 0.3 0.3 0.3 1.0
Sio dia
Sig all 0.3 0.3 0.3
Sim ach 0.3 0.6 0.3 1.! 0.3 0.4
Sip bra
Sip pul 0.3
Slh cal 0.3 0.4 0.3 0.3 0.4
Sip alt
Sph bul 1.6 0.6 1.0 2.3 0.7 0.6 0.7 i.al 0.6 1.3 0.3 0.3 0.4 X 0.4
Sta com X X X X X 0.3 0.7 0.4 0.3 0.6 0.6 0.3 0.7 X X
Sla mln
Sun Dor









Sam pla 1836 2011 1640 1657 1407 1660 1746 2026 1862 2030 2022 1451 1636 1680 1667H o 3 471 524 529 534 663 579 579 579 508 619 635 637 639 643 645
Trl trg 0.3 0.7
Trt B 0.3 0.7 0.3]
Uvl aub
Uvl hip
Uvl hia X X 0.3 X X X X
Uvl laa 0.3 0.3
Uvl par 0,7 X X
Uvl par 10.4 2.1 5.0 1.7 1.6 2.1 1.0 4.4 4.1 1.0 1.4 1.9 1.1 0.3 3.2
Uvl p. dir X X X X X X X X X X X X X X X
Val h u m
Val max 2.0 3.3 0.3
Val opl 0.7 12.0 26.1 3.7 11.1 10.7 12.0 10.3 52 12.3 0.2 0.6 15.4 6.4 12.0
Val A 0.7 8.7 5.6 0.3 6.5 5,7 6.6 6.9 6.7 6.3 11.0 6.0 15.1 8.0 2.1
Vaa all
Vaa lao 0.3 0.3
4 0 2
Sam ple 1647 1504 1636 1448 2021 1745 1744 1760 1864 1627 2000 1616 1507 2013 1663
Dapth 652 663 666 667 670 674 726 726 720 770 771 781 785 788 763
Lat. 27.60 27.46 27.58 27.66 27.67 27.58 27.57 27.56 27.73 27.60 27.58 27.31 27.50 27,58 27.42
Lena. 03.57 03.04 03.70 02.02 02.76 04.31 04.30 04.47 01.36 04.10 04.64 03.63 02.00 04.40 02.87
Speclm 2B0 304 272 321 272 322 257 344 276 340 206 268 250 334 206
S pecie* 40 51 66 43 30 48 61 52 42 43 50 41 43 46 45
D 7.00 8.76 0.81 7.28 6.78 7.76 0.01 8.73 7.28 7.21 8.60 7.16 7.61 B.28 7.73
H 3.07 2.01 3.20 2.76 2.01 2.63 3.06 3.16 3.16 3.06 3.06 2.82 3.12 2.00 3.05
P3 0.30 0.27 0.28 0.23 0.33 0.15 0.21 0.24 0.32 0.26 0.26 0.23 0.24 0.26 0.28
E 0.47 0.30 0.44 0.38 0.47 0.30 0.43 0.45 0.58 0.50 0.44 0.41 0.53 0.37 0.47
J 0.80 0.76 0.80 0.74 0.76 0.66 0.76 0.60 0.85 0.81 0.70l 0.78 0.83 0.75 0.80
Abd p ie X 0.4 X
Ada Qlo
Ala tur 11.8 16.8 8.8 6.2 12.0 4.sl 5.8 7.3 0.7 18.2 0.7 17.2 7.2 4.S 12.8
All lav
All A 0.4 0.4 0.3 0.7
Amm par 0.3










Bol ala 0.6 X X 1.2 X X 0.3




Bol has 0.4 X
Bol low 2.0 2.3 2.0 0.3 4.4 2.5 1.0 2.el 0.7 6.6 3.3 18.3 o.el 2.1 2.4
Bol may
Bol min 0.7 X X X X X




Bol s. max X X X X X X X 1.2
Bol Ira 0.4 0.7 X 0.6 X 0 4 0.3 X X X X X
Bol abr
Buchan X
Bul acu 4.6 6.6 10.7 3.1 2.2 2.2 5.4 4.1 11.1 3.2 8.4 1.6 4.8 6.0 4.7
Bul mar
Bul max 1.1 2.3 0.4 4.4 1.1 0.6 0.4 2.0 3.0 X 0.7 X 2.8 1.2 0.3
Bul spl 0.7 X 0.7 3.4 2.2 0.3 1.2 0.6 0.7 1.5 1.3 0.7 1.2 0.6 1.7
Bul lan
Bul ala 0.4 0.3 X 0.3 0.3
Bul mor X
Can sag
Car max X 0.3 X X X X X X X X X X
Cas car 0.4 0.3
Cas era 1.1 1.3 1.6 1.0 0.6 2.0 1.5 1.6
Cas cur 2.0 0.3 X 0.6 0.4 0.3 0.4 X 0.4 X
Cas neo 5.4 3.0 2.6 10.6 3.7 4.7 2.3 6.7 4.7 1.2 1.3 0.7 2.8 0.3 2.7
C asnaus X 0.3 0.6 1.7 X
Cas sub 14.3 12.2 16.2 4.7 12.5 7.5 10.0 8.7 4.7 10.3 15.4 6.6 14.4 18.6 5.4
Chi ool X X X X X X X X X X X X
Clb ban 0.7 0.3 0.4 0.3 X 0.3 X X 1.1 X X X X
Cb rug X X X X 0.3 X X 0.4 X X X
Cbwue 0.7 0.3 X 0.6 X X 0.7 X 0.3 X
CH Inc X 0.3 X X X X X X X 0.3
Cll mol
Cll mun X X X X X X 0.6 0.3
4 0 3
Sam ple 1647 1604 1630 1448 2021 1745 1744 1760 1664 1627 2000 1619 1597 2013 1993
Depth 652 663 666 667 670 674 726 720 720 770 771 761 765 766 793
Clip, bai 1.1 2.C 1.8 1.0 0.7 1.2 1.6 2.3 1.4 1.8 1.7 1.5 2.0 0.6 4.4
Cll rob 0.7 0.7 1.1 X 0.4 0.3 1.2 X X 1.6 0.3 3.0 1.6 0.9 1.7
CH umb X X
Cla max X X X X X X X X
Cor Inc 0.4 0.3 0.3 0.3





Egg bra 1.1 1.C 0.4 0.6 1.5 1.5 1.9 0.0 3.2 1.5 1.0 1.1 3.2 0.3 2.4
Egg pro X 0.3 0.4 X X
Ehr iri
Elp dia
EId  tra 0.3 0.3





Fia bif 0.4 0.4 0.3 0.4 0.3 0.4 1.0
Fia cue 0.3 0.4 0.3 0.3 0.3 0.3
Fia ech 0.3
Fia ill 0.3
Fla iae 0.4 0.4 0.3 0.4 0.3 0.4 0.3
Fia luc 0.4 0.3
Fia mar 0.3
Fia mil 0.4 0.3 0.3
Fia nop 0.3 0.4 0.4
Fia rad 0.4 0.3
Fla ach













Fur aom 0.7 X 0.4 X X X 0.4 0.3 X 0.6 0.3 X 0.4 0.6 X
Gav Ira 11.4 0.5 6.6 22.1 6.6 30.4 20.6 13.7 10.4 5.3 5.0 10.4 4.4 12.9 8.1






Gyr alt 1.1 0.7 0.4 X 0.4 X 0.8 1.7 1.8 o.g 1.3 X 2.8 0.9 X
Gyr Iae X X 0.4 X 0.4 1.2 0.3 0.7 0.3 X 0.4 X
Gyr neo
Gyr pot 0.3 0.4 1.2 0.8 1.2 1.3 1.1 0.4 1.2 2.0
Gyr rot o.o 0.3 0.3
Gyr umb X 1.0 1.6 0.3 0.7 0.3 1.2 0.6 0.4 0.6 1.0 0.4 1.6 0.9 1.3
Han rag 0.4 0.3 X 4.7 0.4 X 0.4 0.6 1.4 0.6 0.3 0.3
Haz air
Hoa ole 0.4 X X X 0.3 X 0.0 X X 0.7 X X
Kar bra X X X X X X X X X X X X X X
Laeaph 0.3 0.3
Lao all
8*0 CO 8*0 8*0 *B d  4 * d
|« U  4 *d
80 8*0 |8 | J * d
X X 8*0 X CO GO CO oni s*o
X X X X X X X X 8*0 X quin mo
go 5*0 9 1 1*1 GO 9*0 X CO 8*0 BO 1*1 9*0 C l CO 1*1 u*i MO
X X X X X X X X X X X «t* MO
GO CO OIOO
8*0 mo too
X X X xeq too
J«q too
9*0 CO 80 8*0 o|0 too
loq too
!(• too
o e p  m N
GO SO 80 2 * I 9 0 80 GO 8*0 8*0 uinN
CO uoo uidn
GO X X X X X 20 840 (ON





X X X X 0*1 X X 80 X 8*0 CO X X X 4Bd |« N
02 8 1 cz 9*1 2* I 1*2 9*2 S I 9*0 2*1 S'S 0 0 1*2 C l 8*0 u|ui o«n
X X 4Bq |»n
GO X X X X X X X X X X X ooo tan
woo i*n







CO 4 0 * U#1
qio u*t
MO| U *-|
GO 80 8*0 q 0  uai
o p  11*1
90 GO [83  U *-|
||B  U *1
GO CO X 8*0 GO CO X GO 9*0 X X X 8*0 X X nod i*n
Cl 1*1 CO 2 0 C l 2*0 qn* P i
u d i  P i
GO X X 2* 0 2*0 GO 82 GO BO 9*1 11 X 8*0 CO 80 | d *  t * i
80 H  O n
GO **q *  Ob i
CO U lp  0 * 1
GO 8*0 GO * 0 *  0 0 1
CO 80 4 *d  B n
80 I P  0 8 1
oou 0*1
q*u0*1
8*0 X0UI 0 * 1
40UI 0*1
8*0 GO 9*0 8*0 9*0 CO **t o n
8*0 a*i o n
o o q O n
2*0 8*0 bw o n
80 dm o n
mo o n
GO iu) * n
GO CO i» « r
G62 992 982 182 122 022 022 522 922 829 029 299 999 G9B 299 qidoa
G60L Cl 02 2«si S191 OOOZ 22 91 8991 9921 8821 9821 1202 B881 SCO I 8091 2891 * |d u i* s
4 0 5
Sam pla 1647 1504 1630 1448 2021 1745 1744 1760 1664 1627 2000 1616 1507 2013 1003




Pla arl 0.4 1.3 X 1.6 X 0.4 0.7 X X X
Pla «>o
PIa lov
Pla adv X X X X X
Pro dia 0.3
Pro pia X X X
Pro mol X 0.3 X X X 0.3 X 0.3 X X X 0.4 X X X
Pro par 1.5 0.3 0.4 1.2 0.0 0.3 0.7 0.4 0.3
Pap all 0.4 0.3
Pan com
Paa all 0.3
Pae da 0.4 0.7
Pul but 0.7 0.7 0.4 0.6 0.4 X 1.1 X 0.4 0.3












Qul can 0.4 0.7 0.3 0.3
Qua Iae 1.0 1.1 0.0 0.3 0.8 0.6 1.8 0.7 2.0 1.2 0.7











Rut max X X 0.6 X 0.3 0.7 0.3 X




Sip all 0.4 0.4
Sim sch 0.4 0.3 1.1 0.3 0.3 0.4 0.3
Sip bra 0.3
Sip pul
Sih cal 0.4 0.6
Sip atl
Sph bul X 0.3 0.4 1.2 0.4 X 1.2 0.6 1.8 X 1.0 0.7 X 1.5 1.0
Sta com 0.7 0.3 0.4 X X 0.3 0.8 0.6 X 0.3 0.7 0.7 0.4 X 0.7
Sla mln
Sup por




Tos wea 0.3 1.6 1.2 0.4 1.2 0.4 3.2 0.7 3.0 1.3
Trt bra
Trl obi 0.3 0.3
Trl trt 0.3 0.4
4 0 6
Bampla 1647 1594 1630 1448 2021 1745 1744 1760 1864 1627 2008 1618 1587 2013 1983
DdpHl 653 663 666 667 670 674 726 728 728 770 771 781 785 786 793




Uvl hit X X X X
Uvl Iae X X X
Uvl par 0.3
Uvl par 3.2 2.3 0.4 1.6 1.6 X 4.3 3.5 2.5 6.0 6.4 2.6 5.2 1.2 8.1
Uvl p. dir X X X X X X X X X X X X X X X
Val hum 0.3
Val max X X
Val opl 7.8 6.6 10.3 6.1 12.9 7.5 6.2 6.1 10.0 10.0 12.7 10.1 13.2 12.8 12.5




S i m t l t 1600 1606 1445 2024 1626 1600 1612 2025 1602 1563 10B5 2033 1600 1580 1001
Dsoth 706 706 BOS 812 813 820 827 826 838 846 676 878 881 887 030
Lai. 27.26 27.26 27.62 27.50 27.56 27.24 27.25 27.46 27.26 27.56 27.36 27.62 27.66 27.5! 27.41
Lona. 03.40 03.50 02.13 02.30 04.10 03.52 03.52 02.25 03.50 02.88 02.81 01.07 03.50 02.44 02.85
Bpaclm 260 321 253 273 256 276 262 336 270 200 253 264 275 305 304
S p ac las 52 51 43 44 41 44 37 41 36 43 36 40 45 68 41
D 0.00 6.66 7.50 7.67 7.21 7.66 6.47 6.86 6.22 7.37 6.33 8.61 7.83 0.06 7.00
H 3.06 3.00 3.14 2.05 3.03 3.17 2.03 2.07 2.74 2.85 2.70 3.21 3.06 3.33 2.01
P3 0.30 0.31 0.26 0.27 0.20 0.20 0.23 0.20 0.23 0.22 0.10 0.27 0.21 0.20 0.10
E 0.41 0.43 0.54 0.44 0.50 0.54 0.51 0.46 0.43 O.'40 0.47 0.50 0.48 0.48 0.45
J 0.77 0.70 0.63 0.78 0.82 0.84 0.81 0.80 0.77 0.76 0.78 0.8! 0.61 0.8! 0.78
Abd paa
Ada glo
Ala tur 13.6 6.2 0.0 17.2 7.0 7.2 13.6 10.4 14.3 20.1 20.0 14.0 15.3 3.0 17.1
All lav












Bol ala X 0.3 X 0.4 1.6 0.7





Bol low 1.4 2.2 1.6 4.8 6.3 1.4 2.3 0.6 8.2 4.7 5.1 1.5 4.0 1.3 6.0
Bol may
Bol min X X X




Bol s. max 0.7 X X 0.3
Bol Ira X X X 0.7 X X 0.6 X X X 0.4 X 0.3 0.7
Bol abr 0.7 0.4
Buchan
Bul acu 6.2 1.6 3.6 3.3 2.7 6.6 3.1 6.5 4.7 3.3 2.4 8.7 8.4 11.1 2.3
Bul mar
Bul max 0.3 0.0 X 0.7 1.2 0.7 X 0.6 0.7 0.7 0.4 3.0 X 4.3 1.6
Bul sol X 1.2 3.2 0.4 2.7 0.7 2.3 1.B 0.4 1.7 3.6 0.4 1.1 1.3 1.0
Bul tan





Caa era 1.6 1.1 X 1.5 0.7 0.7
Caa cur 0.3 X X
Casneo 3.9 1.6 2.4 2.2 2.6 1.8 0.5 6.3 0.7 1.0 1.2 3.4 1.5 2.0 1.0
Caanaus 0.3 0.6 X
Casaub 11.4 14.3 8.3 10.3 16.0 0.8 0.2 3.0 6.5 8.0 0.5 4.2 5.8 3.0 5.3
Chi ool X X X X 0.6 0.4 X X X X X
Cb ban X 0.8 X X X X X X X 0.3
Cb rug X X 0.4 X X X X X X X X X X X
Cb wua X 0.6 X X 0.8 1.4 1.1 X 0.4 X X 0.4 0.7 0 3 0.7
CH Inc X X 0.4
CH mol
Cll mun X X X X 0.4 X
IIB B«1
► 0 r o Udnwri
GO X BO BO X X X X X X X X Bjq j»x
CO X X X e<» boh
JIB ZBH
Cl DC r o CO 90 B'O X X B'l BO OBJ UIH
CO 91 !'Z S'l B'O c z S3 90 S'l Z'Z 31 11 91 S'Z CO quin M©
01 £0 BO CO B'O CO CO IOJ Mq
91 Cl 11 BO 31 CO zz CO S'l B'Z O'Z X CO B'l |od Mo
CO X oau Mq
CO X r o B'O X X X X X CO 8«| jXo






CO X X r o X X X CO X B'O X X B'O X X II* °I0
SB B'S S3 3'B B'Z i> O'Ol C ll S'9 9'Ll B'£ B'9 991 Z'L 531 «n abo




BO B'O CO Z*ld
A *ld
A Bid
► 0 i'O 9 0 B'O A Bfd
a Bid
B'O N B|d






9 0 r o B'O dau *)d
r o B'O CO IIUJ S|d
J8UI *|d
BO CO CO on| *id
CO GO CO CO M) Bid
B'O CO III Bid
MSB B|d
1 0 CO •no Bid
CO liq Bid
B'O »iq Bid
01 B'O B'O B|B Bid
|UB 003
iia ida
9'G GO CC D'G 80 £'I B'l X IX B'l IS CB CO I'Z |X8 Ida
BUI d|3
b ip  4 a
Ml JM3
X X B'O X X X X X C'0 X oud 003




q t  uoa
O'I B'O «|d uog
£ 0 B'O B'O B'O CO CO 3U| x>o
X X8UI B|0
quin HO
£0 CO BO B'O 03 CO 11 S'l B'O 11 B'O £'0 B'O S'l B'l ON no
£0 02 n S'l 0 3 01 S'Z Bl B'O Z'Z CZ BO B'O B'B £1 ‘d « o
0GB £99 IBB BiB 5£B 9BB BGB BZB £ZB 039 GLO BIB SOB 90£ |9B£ Mld*a




CO E'O m  »d
ro X ro X X X B'l Om n o
X X X X X X X X X ro X X X quin mo
Cl X ro r'O £0 r t E'O ro ro Z't f t O'Z 91 91 u«) MO
£0 X X •is MO
£0 ro o i°o
nvw> |oo
X X X X xwj |oo
J«| |0O












£0 £0 X X X ro X X ro ro X eo X B'O i j»d ion
9£ Z'9 B'S oc EC 0 0 1 a t S'C E'£ 9'G S’E S'Zl S'S OS z> u|iu o«n
X joq |«|N














ro X 1*0 t»1
II* u n
X £0 X X ro X X X X X X ro ro 90 CO n w in
CO ro qns m
ro uOs m
£0 X B'O X CO X CO ro X X ‘ £0 X B'O E'O Ids in
u o n
►'0 CO B'O uigs o n
ss s  o n
B'O ro ro ro E'O j*d o n
«<» 0*1
ro OKI 0*1
► 0 ro ro E'O q s u o n
ro B'O xsui o n
r'O Mui o n
CO ro ro CO •■i o n
o n
•o q o n
CO ro •n  * n
ro diq o n
mo i t n
CO w  * n
HI »*-|
QCB £88 tea B£8 S£B a r e aca B 2 9 £Z8 oze a t a z t a 508 90 L 90Z m d * a
1881 least 0 0 9 1 ECOZ seat E9SI Z09t SZOZ S191 8 0 9 1 9Z9t rz o z srrt 5091 Best •Iduiss
60fr
4 1 0
Sam ple 1566 1605 1445 2024 1626 1606 1612 2025 1602 1563 1685 2033 1600 1586 1661









Pro ora X 0.3
Pro mol X X X X 0.4 X X X X X 0.4 X X 0.7 X




Paa d a 0.7 0.3 0.4 0.4 0 .8 1.S 0.4 0.3
Pul bul X 0.6 0.4 X X X 0.4 X X X 0.3 X
Pul aub X 0.6 O.B 0.4 0.4 X X 0.3 0.4 0.3 X 0.7 X 0.3
Pul aua 0.3 0.7 0.4 0.4
Pul trl 0.3 0.4 0.3
Pyr dap
Pyr mur 0.3 X 0.4 X X X 0.4 X X
Pyr naa






Chilean 0 .8 0 .6 0.4 0.3
Qua Iae 0.3 0.3 0.4 0 .6 0 .6 0.3 0 .8 0.3 0.3
Oul aem 0.3 0.4 0.7










Rut max 0.3 X 0.4 X X X 1 .6




Slg all 0 .8
Sim ach 0.4 0.7 0.4 0.4
Sip bra
Sip pul
Slh cal 0.3 0.3
Sip afl
Sph bul 0.3 0.3 X X X X X 0.3 X 0.3 0.4 0.4 X X







Toa wea 0.7 1.2 0 .8 1.5 0.6 4.3 X 0.4 1 .0 2 .0 1.1 0.4 0.3 1 .6
Trl bra
Trl obi 0.4 0.4 0.3
Trl Irl 0.3 0.4 0.3
41 1
ISampla I 15001 16051 14451 20241 16261 16001 :612l 2025 1602 1563 1085 2033 1600 1580 1001
Dapttl 70C 706 605 612 613 820 827 826 836 846 675 678 881 887 030
Trt Ha 1.4 0.4




Uvl Iae X 0.4
Uvl par
Uvl par 2.1 1.5 2.4 0.7 2.0 4.7 2.7 4.2 2.2 1.3 2.0 0.1 7.3 8.5 3.0
Uvl p. dir X X X X X X X X X X X X X X X
Val hum
Val max 0.6
Val opl 10.7 11.5 8.3 4.4 15.2 12.7 17.0 11.0 20.1 16.4 10.0 8.7 16.4 10.2 15.1
Val A 3.5 5.6 5.5 11.0 7.0 0.7 6.0 3.6 3.0 3.7 5.0 0.8 1.5 5.0
Vaa all
Vaa lag 0.4 0.8
i* X unui noloui no
X aui HO
S'Z S'Z Z 'l Z'Z £0 «M»**0
X X X X Dm q o
u s q q o
X loo mo
9'C l ' t 6'9 31 S'6 qns n o
sns u n o
L  0 9'Z 6'9 E'O f l OM 880
ins BBQ
I 'I r e 0 't B » BBQ




i ' i B|s mg
u»i mg
S'9 c e SZl o e EC lbs ing
X t o r o X £0 xbui jng
jbui ing




t o XBUI 'S MS
Ids s m s
1 0 snd ms
ssd  log
n S 'l t o B'l I 'l pjo m s
U|Ui |og
GO Abui m s
r i 81 80 r z l ‘B moi ms




i t t'C B't !'9 !> __ q|B m s
X S'l B'O BJB ms
X uini isy
V « V











►'01 Z'El Z'6 S'S Z'9 ini B|v
0|B sp y
BSd pqy
100 990 EB'O" EB'O e z o r
Bt'O as 'o e s c Bt'O £t'0 a
010 SZ'0 OG’O EZ'O 810 Bd
9l'C EBB ZO'G Bl'G 58'Z H
E se tZ'B 9Z'Z BZ‘8 BO'Z a
at Zt I t at I t
8ZZ 99Z BtZ DBG tBZ
tl'ZO i t o e z to e o to e s t t e *DU0*1
s z z z OG'ZZ OG'ZZ OG'ZZ It'ZZ *»•!
ItG l DEC l e ze i tlG l COO l Mi«sa
8Z91 OZZl IBZl B9ZI ESZl sidu isg
Sam ple 17S3 1268 1281 1270 1578
Depth 1003 1314 1323 1330 1341
CH p. bat 1.1 0.8 0.4 X 0.4












































Gav Ira 4.2 1.S 2.8 6.8 2.2






Gyr ait 1.1 1.8 X 0.8 0.4
Gyr Iae 1.6 0.0 O.B X 3.2
Gyr neo
Gyr pol 2.8 2.7 1.2 0.8 3.6
Gyr rot 1.8 0.4 1.1
Gyr umb 1.8 1.6 0.8 0.4 1.8
Han reg 0.4
Haz atr
Hoe ale X 0.4
Kar bra X X 0.7
Lae apt) 0.3
Lae atl 0.4
Sam p le 17S3 1268 1281 1270 1578

















Lao a  baa 0.3|
LagR
Lat apl 0.4 0.4
Lat apn
Lat sub















Mai com 1.2 1.5 0.4
Mat occ X X X X X
Mel bar
Neo min 1.8 2.7 4.8 3.4 2.2









Nul dec 0.8 1.4 5.0
Ool all 0.3
Ool bot





Ori ate X X X
Or! lan 2.1 S.S 2.6 4.5 1.8
Ort umb X 0.3 X X
Oaa rug 0.3
Par lat 0.4 0.3 0.4 0.4
Par mal 0.4
Par psa 0.4 0.4 0.4
B am pla 1753 126G 1281 1270 1578















Paa d a o.e 0.8 1.1 0.4
Pul bul
Pul aub X 1.B X 0.4 0.7
Pul aua
Pul trl 0.4 0.4
Pyr dap
Pyr mur X 0.3 0.4 1.4
Pyr nas






























Sph bul 0.4 7.3 X X











S a m p le 1753 1268 1261 1270 1578








Uvl par 2.8 4.S 4.4 7.1 2.5
Uvl p. dir X X X X X
Val hum
Val max 1.4
Val opl 26.1 16.4 0.7 4.1 19.8





Sam pl* cor* 1744 1 2 3 4 5 6 7 a 0 10
Daatli (em) 0 15 30 46 61 76 01 107 122 137
R o a d m a n * 302 328 270 264 317 253 337 264 254 266
S a a c la a 53 53 30 30 40 45 42 46 43 41
M aroalal'a D 0.11 8.06 6.70 6.81 6.77 7.05 7.04 8.07 7.58 7.16
Shannon-W lanar H 3.14 3.25 3.03 2.86 2.83 3.16 2.07 3.13 2.08 3.17
Plalou 'a  P3 0.20 0.32 0.28 0.24 0.28 0.20 0.25 0.21 0.24 0.26
E aultab illty  E 0.44 0.40 0.53 0.45 0.42 0.52 0.47 0.50 0.46 0.56
Plalou 'a  J 0.70 0.82 0.83 0.78 0.77 0.83 0.80 0.82 0.76 0.85
Abdllodantrlx paeudothalmannl 1.0 0.6 X X 1.2 0.3 0.4 1.1
Alabamlnella tutgida 0.3 8.8 0.3 7.6 5.0 6.3 6.6 5.3 7.6 4.1
Alfredoallveatrla levlnaonl 0.4
Alii u ln a  A
Ammonia parklnaonlana 0.6
Amphlcoryna hlsplda X X X X X X 0.8
Amphlcoryna aubllneata X
Anaulooarina lamaloenala
Anomalulla A 0.3 0.4




Bollvlna albatroaal 1.7 8.8 8.1 2.7 3.2 5.0 4.5 5.3 2.0 1.1
Bollvina haatata 0.3
Bollvlna lowmanl 0.0 8.2 7.0 7.6 12.0 7.0 16.6 14.4 17.7 8.6
Bollvlna minima X X X X X X X 0.4 X
Bollvlna ordlnaria 12.6 8.2! 7.4 i s . : 11.0 7.6 13.1 7.2 7.8 10.2
Bollvlna atrlatula aplnala 0.8| X
Bollvlna aubaanarianaia mexleana 0.3 X 0.4 0.4 0.8
Bollvlna Iranalucana 0.3 0.3 0.7 X 0.6 0.8 1.2 X 0.4 X
BolMnlta abrupta 0.3 X 0.4 X 0.8
Bulimina aculaata 2.0 2.7 0.7 1.1 X 0.4 X 1.2 5.6
Bullmlna atazananaia 5.3 3.7 3.3 3.0 6.6 6.3 5.0 4.0 1.2 4.1
Bullmlna mexleana 0.3 o .i X 0.3 0.8 X 0.4 X
Bullmlna aplcata 0.7 1.2 1.1 1.5 2.2 0.4 0.6 1.0 2.4 0.8
Bullmlna lenula X
Bullmlnella elegantiaalma
Carlbeanella mexleana 0.3 X 0.3 X X 0.8 X X
Caaaidullna crease 1.3
Caaaldullna eurvata X 0.3 0.3 0.4 X X
Caaaidullna neoearlnala 3.6 1.2 2.2 0.4 1.6 O.B 2.1 X 0.6 1.5
Caaaldullna noreroaal australis 0.3 0.4
Caaaidullna aubolobosa 7.6 6.4 5.6 7.6 8.8 7.9 6.0 12.2 10.fi 6.8
Chlloatomalla ooUna 0.7 0.6 0.7 0.4 X X 0.3 0.4 1.2 X
Clblcldea bantamenala X 0.4 X X X X X X X
Clblcldea ruooaua 0.3 X X X X X X X
Clblcldea wuelleralorfl X X X X X
Ctbtcidina A 0.4
Clblcldoldea Incraaaalua 0.3 X X X X 0.8
Clblcldoldea mundulua 0.3 X 0.3 X 0.3 0.4 X
Clblcldoldea pachvdermus bathyalls 0.3 1.5 2.2 2.3 0.0 1.6 0.6 1.0 2.4 3.0
Clblcldoldea roberlaonianua 0.3 X 1.0 X 0.3 3.2 1.2 1.1 0.4 1.1
Clblcldoldea umbonalus
Clavullna mexleana




Eoaerella bradvl X 0.3 X 0.8 X O.B 0.6 X 0.8 1.S
Eoaerella proplnaua X X X 0.4 0.41 i I I I 0.4
Eplatomlnella exlaua 8.3 5.5 7.0 8.0 0.1 10.3 0.8 7.2 7.5 8.3
Eplatomlnella vltrea 0.4
Fiaaurina alatitundata 0.3 0.4
Flaaurina bifida
Fiaaurina cuahmani
Sam Dia eo ra  1744 1 2 3 4 5 6 7 8 0 10
Dapth (cm) 0 15 30 46 61 76 01 107 122 137
Fiaaurina achlaoanaia
Fiaaurina laevigata 0.6 0.3 0.4
Fiaaurina ludda 0.3 0.3
Fiaaurina naotunl






Fiaaurina AC 1I1 0.4
Furaankoina aamlnuda 0.3 0.6 0.4 0.4 X X 0.0 0.8 X X
Qavallnopala tmnalueena 7.3 8.2 11.6 8.3 0.8 8.7 5.3 3.4 8.7 5.6
Qlandullna laevigata 0.3
Qlobobullmlna afllnla X X X X X X X X 0.4 0.4
Qlobobullmlna pyrula
Qrlgalla pvrula X
Qvroldlnoldaa altltormla 1.0 0.6 0.7 X 0.3 0.8 X 0.8 0.4 1.1
Qvroldlnoldaa laavla X 0.3 X X 0.4 X
Qyroldlnoldaa naoaoldanll 0.3
Qvroldlnoldaa oollua X X O.B 0.3 0.4 0.3 1.0 0.6 X
Qyroldlnoldaa el. rotundlmargo 0.6 0.4 0.3 0.4 0.4
Qvroldlnoldaa umbonalua 1.3 X X 0.3 0.3 0.4 O.B
Hanaanlaea raoularia 0.7 0.7 0.4 X 0.3
Hoaolundlna alaoana 0.6 X X X X X 0.4 X
Karrerlella bradvl 0.3 X X X X X X
Karrarullna aplcularla 0.3
Laavidantatlna aphalla 0.4 0.4
Laoana Intarrupta 0.4
Laoana laavlcoala 0.3
Laoana laavla 0.6 0.4 0.8
Laoana mexleana 0.3
Laoana multleoatata 0.3
Laoana naodaamorpha 0.4 0.6
Laoana parvullpora 0.3 0.4
Laoana aataulalriata 0.4
Laoana almplax 0.3 0.4
Laoana atrlala 0.3
Laoana wteaneri 0.3
Lataroalomalla aptnascana X 0.0 X 1.5 0.0 0.4 0.6 0.8 0.4 X
Lataroalomalla aplnlcoata X
Lataroalomalla aubaplnescena 0.4 0.6 0.4
Latlcarlnlna pauperaia X 0.3 X 0.4 X 0.4 X X X X
Lent/cullna calcar
Lantlcullna olbba 0.3 0.3 0.4
Marolnullna obese 0.3
Maroinutlnopals olabrata
Martlnoltlalla occldantalla X 0.4 X X X 0.4 X
Naoctoabvia mlnuta 1.0 0.0 0.4 1.5 0.4 X 0.4 0.6 X
Naolantlcullna pareorlna X 0.3 X O.B 0.6 X 0.0 0.4 X 0.4
Nonlonoldaa orataloupl 0.7 1.2
Nummoloeullna Irregularis 0.4
Oollna atobosa 0.4
Oollna haxaoona X X X X
Oollna mala
Oollna ovum
Oridoraalla alallatua X 0.4 0.4 X X X
Orldorsalla tanar 0.0 0.7 0.6 0.0 1.2 X 1.1 0.4 0.8
Oridoraalla umbonalua X 0.3 X X X 0.4 X
Oaanoularia cutter 3.6 4.0 4.1 1.0 1.3 X X X X
Oaanoularia ruooaa 1.0 1.5 0.4 0.4 0.0 X 0.3 0.4 1,6 1.0
Parallaaurlna lateralis 0.3 0.6
Parallaaurlna psaudomarolnata
Sam Dia e o n  1744 1 2 3 4 5 6 7 8 0 10
Dapth (am) 0 15 30 46 61 76 01 107 122 137
Paumotua d .  P. tarabra 0.3 0.3 0.6
Phlaoaria hvallilaa 0.3
Planullna arlmlnanals X X 0.4 X 0.8 X X X 0.6
Plactolrondlcularla advene X X
3 f S I 0.3
Procarolaoena mollla X X X X X 0.4 X X X X
Prollxoelacta parvula 0.4 0.4
Paaudooaudrytna atlantlca
Pseudononlon clavatum
Pullanla bulloldaa 0.3 0.7 0.4 0.4 X 1.1 X 0.8
Puttanta aubcarinata X 0.6 0.4 X X 0.4 0.0 0.4 X X




Quadrlmorphlna laevigata 0.3 1.2 0.4 1.6 1.6 0.8 1.2 1.1 0.4 1.1
Oulngualocullna aamlnulum 0.4
Oulnoualocullna vanuata
Robartlnoldaa bradvl X X X
Poaallna eonclnna 0.4
Poaallna auaxanala 0.3
Rotorblnalla basilica 0.3 0.8
Rulharlordoldaa mexlcanus 0.3 0.3 X X X X 0.3 X X X
Rutharfordoldaa tenuis 0.4 0.4 0.4
Saorlnopala dimorpha X X X X
Saracanarla aItifrona 0.3
Saabreokla aarlandl 0.3 0.6 0.4 0.6 1.2 0.4
Slomolllntta alllptlca 0.3
Slomotlopala achlumbamerl
Slphonlna bradyana 0.3 X X X X 0.3 X 0.4 0.4
Sbhonodoaar/a calomorpha
Sphaeroldlna bulloldaa 1.3 2.1 1.1 1.5 1.9 3.2 3.0 2.3 2.6 4.5
Stalnforthla complanata 0.3 X 0.4 X X X 0.9 X 0.4 X
Slalaonla minute 0.4
Taxtularla candelana
Toaala weaver! 2.3 3.0 4.1 3.8 2.8 0.6 2.7I 3.8 2.8 3.8




Uvlaarlna hispido-coslata X X X X X
Uvloarlna laavla X X
Uvioarlna paraorlna 2.3 6.1 7.8 3.0 4.1 5.5 5.0 3.8 2.0 10.5
Uvloarlna paraorlna dlrupta X X X X X X X X X X




Olobloarlnoldaa ruber 23.7 26.3 22.0 21.7 28.3 23.3 21.7 10.0 31.3 23.7
Qlobloarlnoldea aacculltar 4.7 4.7 4.3 5.0 6.3 9.3 15.3 17.7 0.3 8.7
Oloborotalla craasalormla 0.3 0.3 10.0
Qloborotalla Inflate
Oloborotalla manardll 12.3 13.7 16.0 25.7 16.7 19.7 13.3 0.0 8.3 6.0
Naooloboouadrlna dutertrel 6.3 4.7 6.0 8.C 13.7 13.7 14,7 15.7 21.7 13.7
Orbullna universe 7.0 4.0 5.7 4.0 3.C 3.7 2.3 3.0 4.7 5.7
other 43.7 46.0 46.0 30.0 31.7 32.0 32.7 35.7 24.3 32.3
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!8'0 SCO WO BIO s i o BIO BI'O U'O 090 P
090 s c o 9C0 SCO ICO SCO ECO ECO SCO a
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ZLL c c a BO'I BCI s e e X L IC I tZ 'I 1C9 a
BC 39 I t e t Z9 Ct f t Ct IE • • p * d g
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13 91 11 91 SI 91 Cl El 11 •Id u i8 8
4 2 2
11 12 13 14 16 16 17 18 21
Depth 152 165 163 196 213 264 27S 325 407
Fia ech 0.3
Fia laa 0.3










Fur awn 0.4 X X 0.6 0.6 X 0.6 X X
Qav tra 4.S 6.4 10.5 12.3 24.8 23.4 25.6 15,9 16.8
Ola laa 0.4
Glo all X X X X 0.7 0.6 X 0.3
Glo pyr 0.3
Gri pyr X
Gyr ah X X 0.3 X 1.6 2.6 0.3 0.6 1.5
Gyr Iae X X 0.7 X X X
Gyr neo X 0.3
Gyr pol 0.4 X 0.3 1.1 0.3 0.3 1.5
Gyr rot 0.3 0.6 0.3
Gyr umb 0.1 0.3 0.9 X X 0.9 0.9
Han rag 0.4 0.3 O.S 0.3 X 1.8 1.5 1.2 0.3
Hoe ele X X X 0.6 0.6 0.4 0.3 X









Lao par 0.3 0.3 0.4
Las aes
Lao aim 0.4 0.3
Lao air
Lao wie 0.7
Lat apt 0.3 1.2 0.6 0.3 0.4 X 0.3 0.6
Lat apn
Lat sub 0.3 0.3 1.6 1.2 0.3
Lai pau X 0.3 1.5 0.3 X 0.4 0.6 0.3 X
Lan cal X 0.3
Lan o b 0.6 0.3 0.4 0.3 0.3
Mar obe
Mag gta X X
Mai occ X X X X X X X X X
Neo min X 0.5 X X 1.1 1.2 3.1 2.9
Nal per 0.4 X 0.3 0.3 0.3 X X 0.6 X
Not gra X





Or! ale X X X X X X X
Orl ten 0.4 O.B 0.3 1.8 0.4 0.6 2.1 1.8
Orf umb 0.3 0.3 0.3 X X
Osacul X X X
Ota rug 1.5 1.6 0.3 0.3 X X 0.3
Par lat 0.3 0.3 0.6
Par pee 0.3
11 12 13 14 15 16 17 16 21 20 22
Depth 162 158 183 198 213 264 276 325 407 391 422
Pau tar 0.3 0.3 0.3
PM hva
Pla art 0.4 0.3 0.6 0.3 0.3 X X X X
Pla adv X X 0.3
Pro ora X X X
Pro mol 0.4 0.3 X X X X 0.3 X X
Pro par 0.3 0.3 0.0 0.7 0.8 0.6 0.3
Pag all 0.3
Paa da 0.3
Pul bul X 0.6 X 0.3 X X 0.6 0.3 0.3
Pul sub 0.4 X X 0.3 0.3 X X 0.3 X
Pul trl 0.3
Pyr mur 0.4 X X X
Pyr obi 0.3
Pvr aar X X X X
Qua Iae o.e 0.3 1.5 0.3 0.4 0.9 0.9
Qul sam 0.6
Qul van 0.3
Rob bra X 0.3 X 0.4 0.3
Roa eon 0.3 0.3
Roa aua
Rot baa 0.3




Saa Mr o.e 0.3
Sia all 0.3 0.3 0.3
Sim act) 0.3 0.3
Sip bra 0.6
Silt cat
Sph bul 0.4 X 0.6 0.3 1.2 0.7 0.3 0.3 0.9
Sla oom X X X X 0.3 X 0.3 X 0.6
Sla min
Tax can 0.3
Toa waa 3.0 4.5 1.5 2.0 1.2 3.3 3.0 0.6 2.4
Trt bra X X X
Trl obi 1.2
Trl trl 0.3
Trl Ira 0.4 1,2
Uvl his X X X
Uvl laa X
Uvl par 2.3 3.0 1.5 0.6 2.7 5.8 3.6 2.1 1.2
Uvl p dir X X X X X X X X X
Val opl 7.8 3.S 4.4 4.1 4.7 4.8 3.0 15.0 8.2
Val A 3.1 4.1
Vaa all 0.6 0.4 0.3
Qio rub 25.0 31.3 42.7 53.0 51.3 56.0 52.0 58.0 31.0 42.0 31.0
Glo M C 15.3 6.7 8.0 7.3 7.0 2.3 10.0 0.7 0.7 9.3 0.3
Qlb era 8.3 8.0 5.7 3.7 2.3 1.0 2.0 1.3 9.0 12.0 12.7
Qfc Ini 0.7 1.3
Qb man 7.7 7.7 6.3 0.3 0.3 0.7
Neo dut 21.0 16.3 13.7 16.0 7.3 11.0 5.0 0.3 1.3 0.3 1.3
Orb uni 4.0 6.7 3.7 1.7 3.7 3.7 2.7 4.7 7.3 6.0 2.0
other 18.7 33.0 20.0 18.3 28.0 25.7 28.3 35.0 49.7 30.3 51.3
Appendix 4
Presence / absence data for 227 core tops
Index to Remarks 
Is = little sand 
ss = some sand 
ms -  much sand
Id = little debris (usually from carbonate banks) 
sd = some debris 
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X X X pjo |og
X X X u iu i  | o g
X X X X X X X X X X X X X X X X X m o i  |og
X n t | |o g
aoO |og
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<»b  | o g
B]B |og
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uioo oiy
X X d e p  o u y
uiaf Ouy
X X X X X X X X X X X X X X X l » q  B u y
q|0 quiy
X X X X X X X X qns duiy
sm duiy
X X X X X X X X X X X X X X X X iBd uiuiy
«v
X X X X X X X X X X X X X m i  s t y
•sd  pqy
I f l U i •1  1|¥U i RUI M VUI V* >4 I f SB VUI VUI ■ Ul VIU VUI •  q j B U I B J
l i e L’te 0X6 r » e BC6 9X6 LLfl L ' Z  6 r w l i t r w t i e LL6 Y t t t ' t t r w Y t 6 r t 6 •ouon
C*8Z CBS t'8Z GO Z 192 L’8Z C*GZ Z8Z C*BZ C*82 G‘02 C8Z C8Z 182 192 192 182 102 •in
c z Z L Z L Z L [u SB 09 99 1 9 99 99 ►9 89 99 89 99 89 ind«a
ZftOi 260 LZLZL 960 k O k * 60ZL z m 91.01. s m m i o m o m z m BLZL 6 1 LI m i SUL ►UL • I d u i s s
1
•am p la 1714 1716 1710 1718 1710 1142 1130 114C 1134 1135 1015 1137 1700 1710 1000 1712 1002 1007
DapHt 513 50 50 58 50 84 66 86 67 60 60 60 7C 70 72 72 73 73
Ep I OXl X
Ed* vtt X X X X X X X X X X X X X X
Edo ant X X X X X X X X X X X X X X X
Epo fop
Fro m q X X X X
Fur com X X X X X X X X X X X X X X X
Fur pon X X X X X X X X X X X X X X X X X X
Fur Mm










Qyr umb X X X X X
Han rag





Lat apl X X X X X X X X X X X X X X X X
Lat «pn X X X X X X X X X X X X
Lai pau
Lan cal X X X X X X X X X X X X
Lan lot X X X X X X X X X
Lla sol X X X
Lin aam
Mag gta
Mag mar X X X X X X X X X X X
Mat occ
Mat bar X X X X X X X X X X X
Nao mln X X X X X X X X X X X
Nal par X X X X X X
Nal vll X X X X X X X
Noo caa
Non opJ X X X X X X X X X X X X
Nol gra X X X X X X X X X X X X X
Nut dec
Ool hax
Ori ata X X X X X X X X X
OH tan
OH umb





Plo mad X X X X
Pla art
Pla axo X X X X X X X X X
Pla flov
Pla adv
Pro ora X X X X X X X X X X X
Pro mol X X X X X X X X X X X
Pag atl
Pan com
Paa all X X X X X X X X X X X X X X X X X
Pul bul X
Pul aub X X X
sam ple 1714 1715 1716 1718 1716 1142 1130 1140 1134 1135 1015 1137 1700 1710 1006 1712 1002 1007
Dspth 56 58 56 56 58 64 65 65 67 68 66 60 70 70 72 72 73 73
Pvr mur
Pyr m s X X X X X X X X X X X X X X X X X
Pyr Mr
Ram oio
Rac adv X X X X X X X X X X 1 X X X X X X X
Rau atl X X X X X X X X X X X X X X X X X
Rob bra
Rot baa X X X X X X X X X X X X X X X X X
Rut max
Saa dim
Sip bra X X X




Sta com X X X X X X X X X X X
Tax con









Uvl Iae X X X X X X X X X X X
Uvl par X X X X X X X X X X X




■ample 1708 1005 lo o a 1004 101C 1003 10041 1177 1002 1006 1145 1158 1193 1183 1006 1180 1512 1508
Depth 73 74 74 75 76 76 61 82 86 87 88 86 OG 04 OS 08 OB 102
Let. 26.1 25.3 28.^ 28.2 28.2 28.2 28.4 28.3 28.3 28.3 28.2 28.3 28.1 28.3 28.3 28.2 2B.G 28.0
Lono. 03.8 01.1 •1*1 01.1 02.6 01.1 00.1 OO.S 00.1 00.1 00.8 00.7 01.6 00.4 00.1 00.4 03.C 03.0
rem ark* mi ■s «i >l 88 • i ll la Is ss la Is la Is ss sd
AM pee
Ala tur X X X X X X X X X X X X X X X X X
AH lav
Amm par X X X X X X X
Amp hla
Amp aub X X X X X x ~ 1 X X X
Amh ob X





Bio Irr X X X X X X X X X X X X X X X X X X
Bol a l a
Bol alb
Bol bar X X X X X X X X X X X X X X X X X
Bol Ira X X X X X X X X X X X X X X X X
Bol aoe X
Bol has
Bol low X X X X X X X X X X X X X X X X X X
Bol mln
Bol ord X X X
Bol pus
Bol s .  sol X X X X X X X X X X X X X X X X X X
Bol *. max X X X X X X X X X X X X X
Bol f r a X X
Bol abr
Buchan X X X X X X
Bui ele
Bui mor X X X X X X X X X X X X X X X
Bui acu
Bui ala
Bui mar X X X X X X X X X X X X X X X X X
Bui mex
Bui spl X X X X X X X X X X X X
Bui ten X X X X X X X X X
Can sap X X X X X X X X X X X X X X X X X X
Car mex
Cas era
Cat cur X X X X X X X
Casneo X X X X X X X
Casn, aus X X X X
Cas aub X X X X X X X X X X X X X X X X X
Chi ool X X X X
Cb ban
C b  mo
C b wue
CII Inc X X X X
Cll mun
CII p. bat X X X X X X X X
Cll p. sub X X X X X X X X X X X X X X X X X X
CII rob
Cll umb X X X X X X X X X X X
Cla mex X X X X X X X X X X X X X X X X X X
Cyccan
D enab X X X X X X X X X X X X X X X





Itvm pl* 117081109511096110941101011093| 1904| 1177| 1002119051114511158|1102f 1183110061116011512115081
Depth 73 74 74 75 76 76 81 82 86 87 86 86 oc 04 05 08 00 102
Epl exl X X X X X
Epi irtt X X X X X X X X X X X X X X X
Ep o v N X X X X X X X X X X X X X X X X
Epo rap
Fro m q X X X X X X X X X X
Fur com X X X X X X X X X X X X X X X X
Fur pon X X X X X X X X X X X X X X X X X X
Fur eem










Gyr umb X X X X X X X X X X X M|X ■ X X
Han reo X X
Haz air X X X X X X X X X X X X X X X X X X




Lat spl X X X X X X X X X X X X X X X X X X
IM  v>n X X X
Lai pau
Len cal X X X X X X X X X X X X X X X X X
Len lot X X X X X X X X X X X X X X
Lie eol X X X X
Lin aem
Mag gla X X
Mag mar X X X X X X X X X X X X X X X X X
Mai occ
Mel bar X X X X X X X X X X X X X X X X X
Neo min X X X X X X X X X X X X X X X X i
Mel per X X X X X X X X X X X X I X X
Net vll X X X X X X X X X X X X X X X
Noo cas X I
Non opi X X X X X X X X X X X X X X X X X
No) gra X X X X X X X X X X X X
Nut dec
Ool hex X
Ori ate X X X X X X X X X X X X X X
Orl ten
Ori umb
Orl was X X X X X X X X X X X X X X X X
Osacul
Ota rug
Pau ter X X
Pav ail





Pro ora X X X X X X X X X X X X X X X
Pro mol X X X X X X X X X
Pso all
Pan com X X X X X X
Pse all X X X X X X X X X X X X X X X X X X
Pul bul X X X X X X X
Pul sub X X X X X X X _ _ _ _ _ _ _ ] X X
4 3 0
Depth 73 74 74 76 76 76 81 62 86 67 88 88 6G 94 95 96 09 102
Pyr mur
Pyr n u X X X X X X X X X X X X X X X X X X
Pyr ««r
Ram ofc> X X
Rec adv X X X X X X X X X
Reu atl X X X X X X X X X X X X X X X
Rob bra
Rot baa X X X X X X X X X X X X X X ~ x ~ X X X
Rut max
Saa dim
Sip bra X X X X X X X X
Sip pul X X X X X X X X X X X X X X X X X
Slh atf X X X
Sph bul X X X X X X X X X ___ X X
Sphbul a X X
Sta oom x X X X X
Tax con




Trf bra X X
LM aub
Uvl dir
Uvl III X X
Uvl his
Uvl tae X X X X X X X X X X X X X X X ' X X
Uvl par X X X X X X X X X X X X X X X X X
Uvl par X X X X | X X X X X X X X X X X
Val mex X x : X
Val opi
Wia aur ___
Depth 10E 105 105 107 111 113 118 120 122 123 123 127 130 134 136 142 142 143
Lat. 28.0 28.0 27.8 28.0 28.3 28.0 28.1 27.0 28.0 28.0 27.0 27.0 28.0 28.0 27.8 27.8 28.4 27.0
Long. 03.0 03.0 03.7 02.0 00.1 01.3 00.7 04.0 02.0 02.0 03.0 04.4 02.0 02.0 03.7 03.7 60.0 04.4
ram arka a d aa ■a md Ofl la ma md ma ll ad as
AM p m
Ala lur x X X X X X X X X X X X X X X X
AH lev X X X X
Amm par X X X X X X X X X
Amp hie
Amp tub X X X X X X X X X X X X X X X
Amh a b X X X X X X X X
Ang bal X X X X X X X X X X X
Ang lam X
Ano dap X X X X X X X
Are com X
Ast turn
Big Ifr X X X X X X X X X X
Bel ala
Bol alb X X X
Bol bar X X X X X X X X X X
Bol Ira X X X X X X X X X X X X X X X X X
Bol goe X X X X X X X
Bol has X X X X X X X X X X X X X X
Bol low X X X X X X X X X X X X X X X X 1 X
Bol min X X X X X X X X X X X X X
Bol ord X X X X X X X X X X X X
Bol pus
Bol a. sol X X X X X X X X X X X X X X X X X X
Bol a. mex * X X X X X X X X X X X X X X X X X
Bol Ira X X
Bol afar
Buchan X X X X
Bui ele X X
Bui mor X X X X X X X X
Bui acu
Bui ala
Bui mar X X X X X X X X X X X X X X X X X
Bui mex
Bui spi X X X X X X X X X X X X X X ; X
Bui len X X X X X X X
Can sag X X X X X X X X X X X X X X X X X
Car mex
Cas era X
Cas cur X X X X X X X X X X X X X "~x X X
Cas neo X X X X X X X X X X X X Y X X
Casn.aua X ! X
Cas aub X X X X X X X X X X X X X X X X X X




Cll Inc X X X X X X X X X X X X X X X X
Cll mun
Cli p. bal X X X X X X X X X X X
Cll p. sub X X X X X X X X X X X X X X X X X X
Cll rob
CU umb X X X X X X X X X X X X X X X X X
Cla mex X X X X X X X X X X X X X X X X
Cvc can
Den a b X X X X X X X X X X X X X
Dis bar X X X X X X X X X X X X X X ! X X X X
Egg bra ~ 1
Egg pro
Ehr sol X X X X X X
Ehr trl ___ I ____ j ___ 1 1 1
|l»m pl*“ l 1 S06l 15161170011517119171120811879117921102411027117051174011529110221170111703| 195011743l
Depth 10S 10S 105 107 111 113 118 120 122 123 123 127 130 134 136 142 142 143
Epl «xl X
Ed vH X X X X X X X X X X X X X X
Edo ant X X X X X X X X X X X X X X X X X
B fio  rap X X X X
Fro m o X X X X X X X X X
Fur com X X X X X X X
Fur pon X X X X X
Fur sem
Qiu m q X X
Gav Ira
Qk> aff X X X X X X X X
Qlo ovu X
Qhn cha





Gyr umb X X X X X X X X X X X X X X X X
Han rea X X X X X X X
Haz sir X X X X X X X X X X
Hoe ele X X X X X X X X X X X X X X X
loa Him
Kar bra X X X X X X X X
K aew t
Let epl X X X X X X X X X X X X X X I X X X
Lai son X X X
Lai pau
Len cal X X X X X X X X X X X X X X X X X X
Len lot X X X X * X ! X
Lie sol X X X X X X X X X X X X X
Lin eem
Mao ala X X * X X X X
Map mar X X X X X X x 1 X X X X X X X X X X X
Mai occ X
Mel bar X X X X X X X X X X X X X X X X
Neo mln X X X X X X X X X
Nel per X X X X X X X X X X X 1 X X X
Net vll X X X X X X X X
Noo cas X X X X
Non opi X X X X X X X X X X X
Nol ora X X X X X X X ' 1
Nut dec
Ool hex X X X X X
Orl ate X X X X X X X X X X
Orl ten X X X X
Orl umb
Ori was X X X X X X X X X X X X X
Osacul
Osa rug
Pau ter X X X X X X X X X X
Pav all X
Plo med X X X X X X X X X
Pla art
Pie exo X X X X X
Pla tov X X X X X X : X X X X X X X X X X
Pie adv X
Pro ora X X X X X X
Pro md X X X X X X X X X X X X
Pso alt X
Pan com X X X X X X X X X X X X X X X X
Pae all X X X X X X X X X X X X X
Pul bul X X X X X X
Pul sub X X X X 1___ : X i x X X X X X
4 3 3
Depth 10S 105 105 107 111 113 118 120 122 123 123 127 130 134 136 142 142 143
Pyr mur X
Pvr n u X X X X X X X X X X X X X X X X X X
Pyr Mr
Ram q \o X X X X X X X X
Rec adv X X X X X X X X X
Reu ail X X X X X X X X X X X X X X
Rob bra
Rot baa X X X X X X X X X X X X X X X X X
Rut mex X X X X X X X X
Sao dim
Sip bra X X
Sip pul X X X X X X X X X X X X X X X x ^ X
Slh aH X X X X X X
Sph bul X X X X X X X X X X X X X X i X X X
Sphbul a X X X X X X X X X X X X X
Sta com X X X X X
Tex con X X
Tex may X X X X ~ x X
Tex mex X X





Uvl III X X X X X X X X X X X X X ! X x ''' X
Uvl his
Uvl lae X X X X X X X X X X X X X X X X X X
Uvi par X X X X X X X X X X X X X x j X X X X
Uvl per X X X X X X X X X X X X X X X X X X
Val mex X I
Val opl ___ ! ~ X
WJe aur X : X X
Depth 14S 146 149 165 159 150 160 160 163 166 166 168 168 168 171 175 180 165
Let. 27.0 26.1 27.9 27.9 27.7 27.8 27.8 27.0 27.6 27.8 27.0 28.0 27.8 27.9 27.9 26.0 28.6 27.0
Long. 04.8 00.7 04.9 03.7 03.2 03.7 03.7 01.5 04.8 04.2 04.8 01.3 03.7 04.0 01.5 02.3 80.7 01.5
li md la ad md md a i ma la md la la la ad as
Ala lur X X X X X X X X X X X X X X X X
AH lav X
Amm par X X X X X
Amp his
Amp tub X X X X X X X X X X X X X X X
Amh a b X X X X X X X X X
Ang bal X X X X X X X X X X
Ang lam
Ano dap X X X X X X X X X X
Arc com X X
Asl turn
Big Irr X X X X 1 X X
Bol ala X
Bol alb X X X X X X X X X X X
Bol bar X X X X X X X X X X X X X
Bol fra X X X X X X X X X X X
Bol ooa X X X X X X X X X X X X
Bol has X X X X X X X X X X X
___
X ! X X X X
Bol low X X X X X X X X X X X X X X X X
Bol min X X X X X X X X X X X X X X X
Bol ord X X X X X X X X X X X X X X X X
Bol pus
Bol a. aoi X X X X X X X X X X X X X X X X
Bol a. max X X X X X X X X X X X X X X X X X




Bui mor X X X X X X X X
Bui aeu
Bui ala
Bui mar X X X X X X X X X X X X X X X X X
Bui mex X X X
Bui apl X X X X X X X X X X X X X X X X
Bui lan X X X X X X X X
Canaag X X X X X X X X X X X X X X
Car mex
Caa era X X X X X X X X
Caa cur X X X X X X X X X X X X X X X X X X
Caa nao X X X X X X X X X X X X X X X X X X
X X X X X X X X X
Caa aub X X X X X X X X X X X X X X X X X X




Cll Inc X X X X X X X X X X X X X X X
Cll mun
Cll p. bal X X X X X X X X X X X X X X X
CU p. aub X X X X X X X X X X X X X X X X
Cll rob
Cli umb X X X X X X X X X X X X X X X X
Cla mex X X X X X X X X X X X X X X X X X X
Cyc can
Den a b X X X X X X X X X X X X
Dia bar X X X X X X X X X X X X X X X X X
Egg bra
Egg pro
Ehr apl X X X X X X
Ehr Irl
Item ple |1762!1B8OI1791I17O211541|1694(1095|1O29I1764I169711763|12O6I16B711794110341150411962110361
Depth 145 146 145 156 155 150 160 150 163 166 166 166 166 166 171 175 180 165
Epl ml X X
Epf vtt X X X X X X X X X X X X X X
Edo ant X X X X X X X X X X X X
Epo rap X X X X
Fro eao X X X X X X X
Fur com X X X X X X
Fur pon X X X X X X X
Fur com
Gauaaa X X X
Qav tra X
Qk> all X X X X X X X X X X
Qlo ovu X
Qlm cha
Qri pvr X X X X X X X X X X X X X X X




Gyr umb X X X X X X X X X X X X X X X X
Han rap X X X X X X X X X X X X X X
Haz dr X X X X X X
Hoe ale X X X X X X X X X X X X X X X X ; X
loa turn
Kar bra X X X X X X X X X X X X
Kae apl
Lat apl X X X X X X X X X X X X X X X X
Lai apn X X X
Lai pau
Len cal X X X X X X X X X X X X X X X X
Len lot X
Lie aol X X X X X X X X X X X X X X
Lin aem X
Mag gla X X X X X X X X X X X X
Mag m a r X X X X X X X X X X X
Mai o c c X X X X X X X X X X
Mel b a r X X X X X X X X X X X X X X X X
Neo min X X X X X X X X X X X X
Nel per X X X X X X X X X X X X X X
Nel vH X X X X X X X
Noo cas X X X X
Non opl X X X X X X
Nd are X X X X X X X X X X X
Nut dec
Ool hex X X X X X X X X
Or) ste X X X
Orl ten X X X X X X X X X
Or) umb
Or) wee X X X X X X X X X
Oeecul
Oeerug
Pau ter X X X X X X X X X X X
Pav atl X X
Pto med X X X X X X X X
Pla art
Pla exo X X
Pla lov X X X X X X X X X X X X X X X X X X
Pie adv
Pro ora X X X X X
Pro mol X X X X X X X X X X X X
Pag all : X X X X X X
Pan com X X X X X X X X X X X X X X
Pee atl X X X X X
Pul bul X X X X X X X X X X X
Pul aub i x X ! X X X X X X X X X
4 3 6
[s tm p fi 11762! 1860Tl79i[l 702|l 54 l| 16041169511029117641169711763112061188711794[1034| 150411962110361
Daptti 148 146 146 155 156 159 150 160 163 166 166 168 168 166 171 175 180 185
Pvr mur
Pyr m i X X X X X X X X X X X X X X X X
Pvr Mr
Ram ok> X X X X X X X X X X X X X
Rac adv X X X X X X
Rau atl X X X X X X X X X X X X X
Rob bra X X X X
Rot baa X X X X X X X X X X X X X X X
Rut max X X X X X X X X X X X X X
Sao dim
Sip bra X X
Sip pul X X X X X X X X X X X X X X X X x" X
Sih a t l X X X X X
Spfi bul X X X X X X X X X X X X X X X X X
X X X X X X X
Sta 00m X X X X X X X
Tax con X X X X
Tax may X X
Tax max X X X X X X X X X X X





Uvl 111 X X X X X X X X X X X X X X X X
Uvl his
Uvl laa X X X X X X X X X X X X X X X X X
Uvi par X X X X X X X X X X X X X X X X X
Uvl par I X X X X X X X X X X X X X X X X X X
Val max X
Val opl X X X X X X X X
Wle aur X X ___ ___ ___ X
Depth 187 186 191 195 195 197 196 198 199 200 201 202 203 205 209 209 209 239
Let. 28.0 27.9 27.fi 28.0 27.8 28.0 27,7 27.8 27.8 27.fi 27.9 27.9 27.8 27.7 27.8 27.8 “28^3 2B.0
Lana. 01.6 91.7 94.9 91.3 93.0 91.3 93.1 93.4 93,5 91.2 92.0 91.4 94.8 93.2 94.2 92.8 90.1 90.9
r e m a r k s ■l •<j Is S I ms Is md s s SS md iJ
AM pee




Amm par X X
Amp his X X X X X X X
Amp eub X X X X X X X X X X X X X X
Amh alb X X X
Ana bel X X
Ana lam
Ano dap X X X X X X X X X
Arc com
Atl turn
Bio Irr X X
Bd ala X
Bol alb X X X X X X X X X X X X X X X X X
Bol bar X X X X X X X X X X X
Bol fra X X X X X X X X
Bol aoe X X X X X X X X X X X X X
Bd has X X X X X X X X X X X X X X X X
Bol low X X X X X X X X X X X X X X X X X
Bol min X X X X X X X X X X X X X X X X X
Bol ord X X X X X X X X X X X X X X X X X
Bol pus
Bd s. sd X X X X X X X X X X X X X X X X
Bd s. mex X X X X X X X X X X X X X X X X X




Bui mor X X
Bui acu
Bui ala X
Bui mar X X X X X X X X X X X X X X X X X
Bui mex X X X X X X X X X X
Bui apl X X X X X X X X X X X X X X X X
But ten X X X X
Can sac X X X X X X X X X X X X X X
Car mex X X
Cas era X X X X X X X X X X X X X X X
Cas cur X X X X X X X X X X X X X X X X X
Caa neo X X X X X X X X X X X X X X X X X
Casn.aus X X X X X X X
Cas sub X X X X X X X X X X X X X X X X X X
Chi ool X X X X X X X X X X X X X X
Cb ban
C b  rua
C b wue
Cll Inc X X X X X X X X X X X X X X X X X
Cll mun
Cll p. bat X X X X X X X X X X X X X X X X X X
Cll p. sub X X X X X X X X X X
Cll rob
Cll umb X X X X X X X X X X X X X X X X X X
Cla mex X X X X X X X X X X X X X X X X X X
Cvc can
Den alb X X X X X X X X X X X X X X
DIs ber X X X X X X X X X X X X X X X X X
Eoa bra X
Em  pro
Ehr spi X X X X X
Ehr tri X
X X X X X X X X X X X X X qn* |«d
X X X X X X X X X X X X X X X X X |nq ind
X X X l i t  M d
X X X X X X X X X X X X X X X X X moo usd
X X X X X X X X X X X X X 1* A»d
X X X X X X X X X X X X (OUI OJd
X X X X X X X , wo wd
*p* Old
X X X X X X X X X X X X X X X X X X *>l *ld
X OX* Bid
M«
X X X P*UJ Old
11* A*d
X X X X X X X X X X X X X j o i  n*d
B f U  B*0
ins m o
X X X X X X X sew (JO
quin (jo
X X X X X X X X X X X X X X uei MO
X X X X X •I* MO
X X X X X xeq IOO
sep WN
X X X X X X X X X wo |ON
X X X X X X X (do UON
X X X X e*s oon
X X X X X X IIA l*N
X X X X X X X X X X X X X X jed |*N
X X X X X X X X X X X X X X X U|UJ o * n
X X X X X X X X X X X X X X X X j*q |*n
X X X X X X X X X X X 1 M O  l* N
X X X X X X X X X X X X X JCULI DBft
X X X X X X X X X X X X X X *ioo*n
X X lues up
X X X X X X X X X ios * n
*0| u e n
X X X X X X X X X X X X X X X X X 1*9 U»1
nsd i n
X X X X uds 1*1
X X X X X X X X X X X X X X X X Ids i n1*  **JI
X X X X X X X X X X X X X X X X X ■jq JB»
iuni *o|
X X X X X X X X X X X X X X X X X •I*  *°H
X X X i n  » H
X X X X X X X X X X X X m j  u*h
X X X X X X X X X X X X X X X quin JAO
|od jXd
oeu jab
X X X e*l jab
X X X X X X X X X X X X X X ; 1* JAB
X X X X X X X X X X X X X X X X X jAd MO
■tp uiib
nAO oib
X X X X X X X X X X « • 010
X X X X X BJ| A*B
be* n*B
X u j m  j n j
X X X X X uod JHJ
X X X X X X X X moo jn j
X X X X X D M  OJd
d*j odg
X X ~Ti” X X X X X |u* odg
X X X X X X X X X X X X X X X X HA Ida
X X X X X X X ix s  Ida
5 e z ~ 502 002 002 SOS 602 202 ;(OS 002 o o t - BOL BOL £01 SOL SOL L0L BOL £BL M id * a
c m '
8 6 *
aam pla 1046 1050 1700 1204 2010 1205 1545 1575 1576 1625 1435 2031 1760 1540 1724 2020 2044 1113
Daptft 167 186 1B1 105 105 107 106 106 100 200 201 202 203 205 200 200 200 230
Pvr mur X X X X
Pvr raft X X X X X X X X X X X X X X X X X X
Pvr «#r X
Ram glo X X X X X X X X X X X X X X X
Rac adv X X X
Rau all X X X X X X X
Rob bra X X X X X X
Rol baa X X X X X X X X X X X X X
Rut max X X X X X X X X X X X X X X
Saa dim
Sip bra X X X X
Sip pul X X X X X X X X X X X X X X X X X X
Slh aft X X X X X X X X X X X
Sph but X X X X X X X X X X X X X X X X X X
Soh bul a X X X X
Sta com X X X X X X X X X
Tax con X X
Tax may X
Tax max X X X X X X X X X X X X X X X X





Uvi Ili X X X X X X X X X X X X X X X X
Uvl h is X X X X X X X
Uvl lae X X X X X X X X X X X X X X X X
Uvi par X X X X X X X X X X X X X X X X X
Uvi par X X X X X X X X X X K X X X X X X X
Val max
Val op) X X X X X X X X X X X X
Wia aur X
FTTTV ■FT^IEEIIIliB IE tB iIiPIEn;nninEIEg3IBaEtniim±;ligHtm3EBEBIEB31iBSE
Depth 236 244 247 252 265 265 267 277 263 200 206 304 308 311 313 316 317 320
L it. 27.6 27.6 27.9 27.7 27.6 26.4 27.8 27.9 27.7 27.6 27.8 27.8 27.6 27.7 27.7 27.7 27.6 27.8
Long. 01.8 04.9 01.0 03.3 04.4 69.0 01.2 01.0 03.7 04.8 02.1 02.3 04.2 03.7 02.9 03.8 03.4 02.7
Is sd
X X X X
Ate tur X X X X X X X X X X X X X X X X X
AH lev
Amm par X
Amp hte X X X X X X X X X
Amp sub X X X X X X
Amh ob X X
Ano bet X
Ana tern X X




Bol ate X X
Bol alb X X X X X X X X X X X X X X X X X X
Bol bar X X X X X X X X X X
Bol Ira X X X
Bol ooe X X X X X X X X
Bol has X X X X X X X X X X X X X X X
Bol low X X X X X X X X X X X X X X X X X
Bol mtn X X X X X X X X X X X X X X X X
Bol ord X X X X X X X X X X X X X X X X X
Bd pus
Bd s. sol X X X X X X X X
Bd s. max X X X X X X X X X X X X X X X X X X
Bol tra X X X X X X X X X X X X X X X X X
Bol abr
Buchan
Bui d o X
Bui mor X X
Bui acu X X
Bui ate
Bui mar X X X X X X X X X X X X X X X X X X
Bui mex X X X X X X X X X X X X X X X X
Bui spl X X X X X X X X X X X X X X X X X X
Bui ten X
Can saa X X X X
Car mex X X X X X X X X X
Cas era X X X X X X X X X X X X X X X X
Cas cur X X X X X X X X X X X X X X X X X X
Cas neo X X X X X X X X X X X X X X X X X
Casn.aus X X X X X X X X X X X X X X X
Cas sub X X X X X X X X X X X X X X X X X X
Chi ool X X X X X X X X X X X X X
C b ban X
C b rua
C b wue
Cll Inc X X X X X X X X X X
Ctl mun
Cll p. bat X X X X X X X X X X X X X X X X X
Cll p. sub X X
Cll rob X X X
CH umb X X X X X X X X X X X X X X X X X X
Cla mex X X X X X X X X X X X X X X X X X X
Cvccan
Den ab X X X X X
Dis bar X X X X X X X X X X X
Egg bra X X
Egg pro
Ehr apl X X X
Ehr li i X X X X X X X X X X X X
X X X X X X X X qns ind
X X X X X X X X X X X X X X X inq |Dd
X X II* **d
X X X X X X X X X X X X UMO U*d
X X X X X X X X X X X X X II* 08d
X X X X X X X X X X X X X X X X |QUI O Jd
B;D o t d
A|W etd
X X X X X X X X X X X X X X X X X X «>» *ld
X X 0 X 9  Bid
X X X X X X X X X X H" "Id
peui Old
X II" A«d
X X X X X X X X X X J91 n*d
X X X onj n o
inoBso
X X BOM | * 0
quin 1 0
X X X X X X X X X X X X X X X U9| MO
X X X X X MO
X X X X X xaq |0O
3 « P  W N
X X X X X X B ID  K>N
X X ! d o  U O N
BBS OON
X X l|A  |®N
X X X X X X X X X X X X X X X X j ad i«n
X X X X X X X X X X X X X X X X u | i u  o a f g
X X X X X j"q i"w
X X X X X X X X X X X X X 9 3 0  l " N
X JBUJ DBM
X X X X X X X X X X X X ; X X B|0 OBft
X X X UiM U|*|
io" «n
|0 {  U « 1
X X X X X X X X X X X X X X X X X X 1 * 3  U » T
n o d  |B - |
X X uds p*i
X X X X X X X X X X X X X X X X X Ids |B1
X I49M X
X X X X X X X X X X X X X X X X X •iq  is*
uini «o|
X X X X X X X X X X X X X X X X X X B|» eoH
X JIB I»H
X X X X X X X X X X X X X OBJ UBH
X X X X X X X X X X X X X X X X X X quin Mo
|od jAq
X X X X X X X X OBU MO
X X X X X X X X X X •B| Mo
X X X X X X X X X X X X X X X X X II" MO
X X X X X X X X X X X X X X lAd MO
X sip  u i |Q
X OAO 0 ) 0
X X X X X X X X X X X II" °I0
X X X X X X X X X X X X X X X X « J |  A " 0
X bsaiw o
X X X X X X X X u i m  jn j
X X X X uod j n j
X X X X X X X X X X X X X X X umo jn j
X X X CM Md
___ ! d"i odg
X X X X p "  d d a
X X X X X X X X X X ha hS
X X X X X X X X X X X X X X i x «  i d a
o z e Lit 9 k e CkC kkC BOG t o e s « ~ DOZ C8Z LIZ £ 9 £ 9 9 2 S9Z zsz LfZ t t z BGZ K id s a
l 9 c s k i n c K i s i o z i 6 c s M C 4 S U L Z £ i i 9 6 n u m i B Z 4 i i u s k ! 9 k 8 i [ 8 m t o r 0 i u e u i e i o z i u e i i 9 B £ i i 0 z c r c i  * n u i * * i
4 4 2
Depth 23(1 244 247 252 265 265 267 277 283 200 295 304 306 311 313 316 317 I 320
Pvr mur X X X X X X X X n r ~
Pyr n u X X X X X X X X X X X X
Pvr Mr X X
Ram ak> X X X X X X X X X X X X X X X X X
Ree adv X X
Rau atl X X X X X X
Rob bra X X X X
Rot baa X X X X X X X X X X
Rut max X X X ' X X X X X X X X X X X
Saa dim X
Sip bra X X X X X X X X X X X X X X X
Sip pul X X X X X X X X X X X X X X X X
Slh aft X X X X X X X X
Sph but X X X X X X X X X X X X X X X X X X
Sph bul a X X X
Sla oom X X X X X X X X X X X X X X X X
Tax con
Tex may
Tax mex X X X X X X X X X X X X X
Tet bar
Tea wea X X X
Trt bra X X X X X X X , * f X * I X
Uvi aub ___ 1 3
Uvl dir X X X
1
X
Uvi III X X X X
Uvi his X X X
— —
X X X X X X X X X X X X X X
Uvl lae X X X X X X X X X X X X X X X X X X
Uvl par X X X X X X X X X X X X X X X X X X
Uvl per X X X X X X X X X X X X X X X X X X
Val mex X
Val opl X X X X X X X X X X X X
Wle aur
Depth 336 343 340 351 360 361 364 372 375 376 376 362 301 401 407 412 418 418
L it . 27.6 27.(1 27.6 27.7 27.6 27.6 26.4 26.6 28.0 27.0 27.8 27.8 27.6 27.6 28.7 28.5 27.8 27.7
Long. 93.5 02.2 01.7 04.7 02.2 02.0 60.0 60.7 01.2 00.7 01.5 04.0 01.2 02.6 60.1 ao.e 02.4 92.0
li as
X X X X X
Ala lur X X X X X X X X X X X X X
All lav
Amm oar X
Amp hla X X X X X X X X X X X X X
Amp aub X X X X X X X
Amh a b




Aat turn X X
Bio Irr
Bol ala X X X X X X X X
Bol alb X X X X X X X X X X X X X X X X X X
Bol bar X X X X X X X X X
Bol Ira X X
Bol aoe X X X X X
Bol haa X X X X X X
Bol low X X X X X X X X X X X X X X X X X
Bol min X X X X X X X X X X X X X X X
Bol ord X X X X X X X X X X X X X X X X
Bol pua
Bol a. sol X X X
Bol a. mex X X X X X X X X X X X X X X X X X X




Bui mor X X X
Bui ecu X X X X X X X X X X X X
Bui ala X X X X
Bui mar X X X X X X X X X X X X X X X
Bui mex X X X X X X X X X X X X X X X X X X
Bui apl X X X X X X X X X X X X X X X X X
Bui ten
Can obi X X
Car mex X X X X X X X X X X X
Caa era X X X X X X X X X X X X ___ ! X X
Caa cur X X X X X X X X X X X X X X X X X X
Caa neo X X X X X X X X X X X X X X x ! X X X
Caan.aua X X X X X X X X X X X X X X X X
Caa aub X X X X X X X X X X X X X X X X X X
Chi ool X X X X X X X X X X X X X X X
Cb ban X X X X X X X X X X X
Clb ruo
Clb wue
Cli Inc X X X X X X X X X
Cll mun
Cli p. bat X X X X X X X X X X X X X X X X X X
Cll p. aub X
Cll rob X X
Cll umb X X X X X X X X X X X X X X X X X X
Cla mex X X X X X X X X X X X X X X
Cvccan
Den a b X X




Ehr tri X X X X X X X X X X X X
Depth 336 343 349 351 360 361 364 375 375 375 376 362 301 401 407 412 418 418
Epl M l X X X X X X X X X X X X X X X
Epl vH X X X X X X
Edo anl X X X X
Epo rap
Fro too X X
Fur com X X X X X X X X X
Fur pon
Fur tom X X X X X X X X X X X X X X
Qauaeq
Gav Ira X X X X JL X X X X X X X X X X X X X
3 k >  art X X T X "d — X X X
Glo ovu X X
Glm cha X X X
Gri pyr X X X X X X X X X X X X X X
Gvr alt X X X X X X X X X X X X X X X X X
Gvr lae X X X X X X X X X X X X X X X n n X
Gyr neo X X X X X X X
Gyr pol
Gyr umb X X X X X X X X X X X X X X X
Han reo X X X X X X X X X X X X X X X X
Haz sir X
Hoe ale x 1 X X X X X X X X X X X X X X
loa turn
Kar bra X X X X X X X X X X X X X X X
Kae apl X
Lai apl X X X X X X X X X X X X X X X X
Lat w n
Lai pau X X X X X X




Mag ola X X X X X X X X X X X X X X X
Mao mar X X
Mat occ X X X X X X X X X X X
Mel bar X X X X
Neo mln X X X X X X X X X X X X X X X X X X
Nel per X X X X X X X X X X X X X X X X
Nel vfl
Noo cas _ _ _ _ _ _ _
Non opi X X X X X
No) ora X X X X
Nut dec
Ool hex X X X X
Orl ale X X X X X X X X X X X
Orl ten X X X X X X X X X X X X X X
Orl umb
Ori wes X X
Oaa cut
Oaa ruo X * X X X X X X X
Pau ter X X
Pav all
Plo med
Pla art X X X X X X X X X X X X X X X
Pla exo X
Pla (ov
1 * X X X X X X X X X X X
Pie adv X
Pro ora X X
Pro mol X X X X i  X X X X X X X X X
Pso atl X X X X X X X X X
Pan com X I X X X
Pae ail X X X
Pul bul X X X X X X X X X X X X X X X X X X
Pul aub X X X X ___ X X X
4 4 5
1631 2037I202911765| 16461202312055119471147211538]
Depth 336 343 346 351 36G 361 364 372 375 375 376 382 301 401 407 412 416 418
Pvr mur X X X
Pyr n u X X X X X X X X X X
Pvr Mr X X X
Ram oto X X
Rec adv
Reu at* X
Rob bra X X
Rot baa X X X X X X
Rut mex X X X X X X X X X X X X X X X X X X
Saa d im X X
Sip bra X X X X X X X X X X X X X X
Sip pul X X X X X
Sih aff X X X X
Sph bul X X X X X X X X X X X X X X X X X X
Sph bul a X
Sla oom X X X X X X X X X X X X
Tex con
Tex may
Tex mex X X X X X X X ■ X X
Tet bar
Toe wea X X X X X X X X X X X X X X
Trt bra X X X X X X X X X X X X
Uvl aub
Uvl d ir X X X X X X X X X X X X
Uvl fl l X
Uvi his X X X X X X X X X X X X X X X X X
Uvi lae X X X X X X X X X X X X X
Uvl par X X X X X X X X X X X X X X X X X X
Uvi per X X X X X X X X X X X X X X X X X
Vat mex X X X X
Val opt X X X X X X X X X X
Wie aur
|i \ i „ i »  ■ F ^ n ^ i r ^ n r o n ^ n T E n ^ f ^ r r r a n ^ n T i n n r a i w . i i - ^ n ^ i r E i i f r r f t i r m
Dapth 423 430 437 436 441 447 448 464 467 462 466 471 477 477 482 483 486 L 498
Lot. 27.6 27.6 27.6 27.6 28.0 28.1 27.7 27.7 27.6 27.6 28.1 27.6 27.8 27.6 27.6 27.8 28.0 27.4
Lana. 90.6 93.0 93.0 91.6 90.S 89.9 91.9 96.3 91.3 93.2 89.9 91.6 92.2 93.1 93.0 91.3 90.1 93.5
ram ark a
Abd paa X X X
Ala lur X X X X X X X X X X X X X X X
Alt lav
Amm par
Amp hia X X X X X X X X X X X X X X X X
Amp aub X X X X X
Amh ob
Ano bal
Ana lam X X
Ano aap
Arc com
Aal lum X X X X X
Big Irr
Bd ala X X X X X X X
Bol alb X X X X X X X X X X X X X X X X X X




Bol low X X X X X X X X X X X X X X X
Bol min X X X X X X X X X X X X X X X X X
Bol ord X X X X X X X X X X X X X X X X X X
Bol pus
Bd s. sol X X
Bd s. mex X X X X X X X X X X X X X X X X





Bul 8C U X X X X X X X X X X X X X X X X X X
Bul ala X X X X X X X X X * X X ' X X X
Bul mar X X X X X X X X X X X
Bul mex X X X X X X X X X X X X X X X X X
Bul spl X X X X X X X X X X X X X X X X X X
Bul len
Can obi
Car mex X X X X X X X X
Cas era X X X X X X X X X X X X X X
Cas cur X X X X X X X X X X X X X X X X X X
Cas neo X X X X X X X X X X X X X X X X X X
Casn.aus X X X X X X X X X X X X X X
Cas sub X X X X X X X X X X X X X X X X X
Chi ool X X X X X X X X X X X X X X X
Cb ban X X X X X X X X X X X X X X
C b rug
C b wue
Cll Inc X X X X X X X X X X X X X
CH mun
CM p. bat X X X X X X X X X X X X X X X X X X
Cll p. sub X
Cll rob X X X X X X I X X
Cll umb X X X X X X X X X X X X X X
Cla mex X X X X X X X X X X X X X X X X
Cvc can X X X
Den ab X X
Die ber X
Egg bra X X X X X X X X X X C H
Egg pro I___
Ehr spl
Ehr (rl X X i X X X i X X X X X X
X X X X X X X j X X qns ind
X X X X X X X X X X X X X N X X |nq ind
|t* Md
X UJOO U * d
X X X X X It* h d
X X X X X X X X X X X X X X X X |O U | O J d
X X X O J d
X X X A p t  t ) d
X X X X X X X A O | Bid
0 X 8  B ) d
X X X X X X X X X X X X X X X X X X MB Bid
p e u i  O ld
l)B  A B d
X jbi nBd
X X X X X X X X X X X X X X X X X DIU  B S Q
inosso
saw mo
X X quin mo
X X X X X X X X X X X X X X X X U 8 | MO
X X X X X X X X X X X X X X 8 ) 8  MO
X X X xeq |oo
o e p  mN
X X X X X B JD  |O N
Ido UON
S B O  OOfJ
X l|A ION
X X X X X X X X X X X X X X X X X X J 8 d  |0N
X X X X X X X X X X X X X X X X X U|UI OON
X X X X JBq ION
X X X X X X X X X X X X X X X X 030 IB in
X X X X JBUJ B o m
X X X X X X X B |0  Ban
U IB 8 U |1
| 0 S  e n
| 0 |  U B T
X X X X X X X X X X X X X X X ib o  u * n
X X X X X X X X X X X X X X n s d  | t - |
X u d s  |B T
X X X X X X X X X X X X X X X X X X I d s  | t i
X X IdB  08)1
X X X X X X X X X X X X X X X X X Bjq JB)|
u i m  s o )
X X X X X X X X X X X X X X 8 |8  B O H
m i» h
X X X X X X X X X X X D 0 J  U B H
X X X X X X X X X X X X X X X X X quin jXq
|od jAq
X X X X X X X oou j Xq
X X X X X X X X X X X X X X X X X 0 B | 1 * 0
X X X X X X X X X X X X X X X X X X MB jXo
X X X X X X X X X X X X X X X J M  mo
X X s i p  ui|0
X nAO o |0
X X X X X X X X X U B  0 1 0
X X X X X X X X X X X X X X X X X X B l |  A B O
X X X X X X X X X X X X X X X X X u i b s  jn j
X uod jn j
X X X X u m o  j n j
X B B S  OJJ
doj o d a
X X X X X lUBOda
X X ha M»a
X X X X X X X X X X X X X X X |X 0  |<»3
96* , 00> z e t u t _ , L i t U t 99* 29* L $ t ►s* m L t t l t t s e t L t t oe* z z t md*a
4 4 8
Depth 423 430 437 436 441 447 448 4S4 457 462 466 471 477 477 482 483 489 408
Pvr mur X X X X X X X X X
Pyr n u X X X X X X
Pvr Mr X X
Ram oto X X
Rac adv X
Rau atl
Rob bra X X X X
Rot bas X X
Rut mex X X X X X X X X X X X X X X X X
Sm  dim X X X X X X
Sip bra X X X X X X X X X X X X X X X X
Sip pul X X X X X
Sih atf X X X X X
Sph bul X X X X X X X X X X X X X X X X X X
Sph bul a ___
Sia oom X X X X X X X X X X X X X X X X
Tax con
Tax may
Tex max X X X X 1
Tat bar Z Z |Tos wea X X X X X X X X X X X : X
Trf bra X X X X X X X X X X X X X X X
Uvl aub I
Uvl dir X X X X X X X X X X X □ d X
Uvi fli
Uvl his X X X X X X X X X X X X X X X X X X
Uvi iae X X X X X X X X X X X X
Uvl par X X X X X X X : X X X X X X X X X X
Uvi par X X X X X X X X X X X X X X X X X X
Val mex X X
Val opi X X X ___ 1 X X X X X X X i X X
Wie aur I
Isam ple 11885180111164011884116571165611240116571200511075114071107711804118051166011746]2026120521
Depth 51S 524 525 522 534 544 546 554 558 561 563 562 575 576 579 576 565
Lat. 28.0 27.7 27.6 28.0 27.4 27.4 28.0 27.4 27.6 27.8 27.7 27.6 28.0 27.4 27.6 27.6 28.4
Lono. 00.1 23.3 23.7 20.1 23.5 23.5 20.5 23.5 25.5 21.5 22.2 21.6 20.0 23.5 24.3 21.6 62.5
rem ark*
Abd dm X X X X X X X
Ala tur X X X X X X X X X X X X X X X X X X
All lav
Amm par
Amp hi* X X X X X X X X X X X X X X X
Amp *ub X X







Bol ala w X X X X X
Bol alb X X X X X X X X X X X X X X X X X X




Bol low X X X X X X X X X X X X X X X X X X
Bol mln X X X X X X X X X X
Bol ord X X X X X X X * X X X X X X X X X X
Bol pus
Bol s. sol X
Bol a. mex X X X X X X X X X X X
Bol Ira X X X X X X X X X X X X X X X X X




Bul ecu X X X X X X X X X X X X X X X X X
Bul ala X X X X X X X X X X X X X X X X X X
Bul mar X X X X X X X
Bul mex X X X X X X X X X X X X X X X X X
Bul apt X X X X X X X X X X X X X X X X
Bul ten X
Can obi
Car mex X X X X X X X X X X X X X X
Cas era X X X X X X X X X X X X X X X
Cas cur X X X X X X X X X X X X X X X « X X
Cas neo X X X X X X X X X X X X X X X X X X
Caan. aus X X X X X X X
Cas sub X X X X X X X X X X X X X X X X X
Chi ool X X X X X X X X X X X X X X X X X X
Cb ban X X X X X X X X X X X X X X X X
Cb rua X
Cb wue
Cil Inc X X X X X X X X X X X X X X X
Cll mun X X X X X X X X
CH p. bal X X X X X X X X X X X X X X X X X X
Cll p. sub X X
Cli rob X X X X X X X X X X X X X X
Cll umb X X X X X X X
Cla mex X X X X X X X X X X X
Cvc can X X X X
Den a b
Dis bar X X X
Ego bra X X X X X X X X X X X X X X
Egg pro X
Ehr apl
Ehr tri X X X
X X X X X X X ! X qns p d
X X X X X X X X X X inq tnd
X I I I  l t d
UKX> U t d
111 Old
X X X X X X X X X X X X X X X X X |OUI O Jd
X X X X X •J O  O J d
X A p *  Old
X A O | aid
o x *  aid
X X X X X X X X X X X X X X X X X pa aid
Paul Old
l i a  A * d
X X j*i ntd
X X X X X X X X X X X X X X X D m  i s o
X X X X i n s  a to
S 0 M  M O
X X X X X X X X X X X quin |JO
X X X X X X X X X X X X X X X u*i MO
X X X X X X X X X X X X X X X •l« MO
X X X X X x * q  | o o
o * p  m N
X X X X • J O  |0 N
X I d o  U O N
•ao o o n
X X l|A  IO N
X X X X X X X X X X X X X X X X X X j * d  | » n
X X X X X X X X X X X X X X X X X X ujui o*n
jaq |*n
X X X X X X X X X X X x X X X X X 030 |BH
jam oayy
X X X X X X aiooam
ujm un
|0« *11
tot U * 1
X X X X X X X X iao u*i
X X X X X X X X X X X X X X X X X nad |*l
X uda Ml
X X X X X X X X X X X X X X X X I d *  1 * 1
X X X X |d a  M M
X X X X X X X X X X X •jq  ja»
uini ao|
X X X X X X X X X X X X X X X • I *  * o h
jp  » H
X X X X X X X X 0 * J  u*H
X X X X X X X X X X X X quin JAg
|od JAg
X X X X o*u jAg
X X X X X X X X X X X X X X X X X ••1 JAg
X X X X X X X X X X X X X X X X X lia JAg
X X X X X X X X X X X X X J A d  M D
X X X X •qo UIIO
X X nAo o |g
X X X X X X X X X X X X ua O ID
X X X X X X X X X X X X X X X X X • ji Aag
OMitag
X X X X X X X X X X X X X X X X u im  in j
uod Jnj
X X X X X umo jn j
Oaa ojj
d*i oda
IUW O d d
’- T “ X ua tog
X X X X X X X X X X X X X X X X X IX* |d g
s5 T us 519 519 S IS 899 999 C99 199 BSS ►95 9*9 **9 *C9 9Z9 929 *29 E19 Mld*a
451
Dapttl 512 524 520 520 534 544 546 654 558 561 563 560 560 575 570 570 570 565
Pyr mur X X X X X X
Pvr n u X X X




Rob bra X X X X
Rot bat X X
Rut max X X X X X X X X X X X X X X X
Saa dim X X X X X X
Sip bra X X X X X X X X X X X X X X X X ~ i T
Sip put
sm  aft X X X
Sph bul X X X X X X X X X X X X X X X X X X
Sph bul a
Sta com X X X X X X X X X X X X X X X
Tax con
Tax may
Tax max X X
Tat bar
Tot wea X X X X X X X X X X X X X X "
Trf bra X X X X X X X X X X X X
Uvf aub
Uvl dir X X X X X X X X X X X X X X X ~ r X
Uvl fli
Uvi his X X X X X X X X X X X X X | [X X X
Uvi lae X X X X X X X
Uvi par X X X X X X X X X X X
Uvl par X X X X X X X I X X X X X X X X X X X
Val max X ~ ■ X X
Val opl X X X X X X X X X X X X X X X X X
Wie aur
I I I I i ___ I
Depth 801 SOB 801 607 6141 6221 630 636 637 636 643 646 652 663 666 670 674 681
Lot. 27.0 27.7 27.4 27.4 27.41 27.41 27.4 27.6 27.7 27.6 27.5 27.4 27.5 27.5 27.6 27.7 27.6 27.5
Long. 00.2 01.3 03.fi 03.S 03.61 05.6 03.5 02.6 02.0 04.3 03.4 03.5 03.6 03.0 03.7 02.8 04.3 05.6
X X X X X X X X
Ala tur X X X X X X X X X X X X X X X X X X
AM lav
Amm oar




Ano lam X X X
Ano dap
Arc com
A»1 turn X X ___ !
Bio Irr
Bol d a X X X X
Bol alb X X X X X X X X X X X X X X X X X X
Bol bar X X
Bol fia X
Bol ooa
Bol ha* X X X
Bol low X X X X X X X X X X X X X X X X X
Bol mln X X X X X X X X X X
Bol ord X X X X X X X X X X X X X X X X X X
Bol pua
Bol*. ipi X X
Bol a. max X X X X X X X X X X
Bol Ira X X X X X X X X X X X X X X X X
Bol abr X X
Buchan
Bul ala
Bul mor X X
Bulacu X X X X X X X X X X X X X X X X X X
Bul ala X X X X X X X X X X X X X X X X X X
Bul mar X
Bul max X X X X X X X X X X X X X X X X X
Bul apl X X X X X X X X X X X X X X X X X X
Bul ten X
Can obi X
Car max X X X X X X X X X X X X X X X X X
Caa era X X X X X X X X X
Caa cur X X X X X X X X X X X X X X
Caanao X X X X X X X X X X X X X X X X
X X
Caa aub X X X X X X X X X X X X X X X X X
Chi od X X X X X X X X X X X X X X X X
Clb ban X X X X X X X X X X X X X
Cb mo X X X X X X X X
Cb wua
CM Inc X X X X X X X X X X X
Cll mun X X X X X X X X X X X X X X X X
CM p. bal X X X X X X X X X X X X X X X X X X
CM p. aub
Cll rob X X X X X X X X X X X X X X X X X X
Cli umb X X
Cla max X X X X X
Cyecan X X X X
D enab
Ola bar X




Dtpth 601 s o d 601 607 614 622 630 635 637 633 643 645 663 663 666 670 674 661







Fur aam X X X X X X X X X X X X X X X X
Qauaaq
Qav Ira X X X X X X X X X X X X X X X X X X
Q b aH X X X X X X X X X X X X X
Qlo ovu ___ !
Qlm cha X X X
Qrl pyr X X X X ■ X X X
Gyr ah X X X X X X X X X X X X X X X X |
Qvr b o X- 1 X X X X X X X X X X X X X X X X
Ovr nao X X X X
Qyr pot X
Gyr umb X X X X X X X X X X X X
Han rap X X X X
Haz air
Hoa ate X X X X X X X X X X X X
loa turn
Kar bra X * X X X X X X X X X X X X X
Km  apt X
Lat api X X X X X X X X X X X X X X X X X X
Lat son
Lai pau X X X X X X X X X X X X . X X X X




Mao Ota X X
Mao mar
Mai occ X X X X X X X x ; X
Mel bar X
Nao mln X X X X X X X X X X X X X X ' X






Ool hex X X X X X X X
Or! ate X X X X X X X X X X X X X
0 ri ten X X X X X X X X X
Ori umb X X X X X X X X
Orl wes
Oaacul X ■ X X X X X X X X X X X X X X




Pla art X X X X X X X X X X X X X X X X
Pla exo X
Pla fov X
Pie adv X X X
Pro ara X X
Pro mol ! X X i X x _ X ! x 1 X X 1 X X X X I X X X X
Peg all
Pan com 1 ' ' 1
Psa atl
Pul bul X X X X X X 1___
Pul aub X X X X X X X 1 X 1 x X X
4 5 4
Dapth 501 508 601 607 614 622 630 635 637 63fl 643 645 652 663 666 670 674 661
Pvr mur X X
Pyr n u




Rob bra X X X
Rot baa X
Rut max X X X X X X X X X X X X X X X
Sao dim X X X X X X X
Stp bra X X X X X X X X X X X X X X X X X X
Sip pul ___ 1
Sih aff
6ph bul X X X X X X X X X X X X X X X X
Soh bul a X
Sta com X X X X X X X X X X X X X X x 1 X | X
Tax con z d Z J
Tax may 1 11 1
Tax max
Tat bar
Tos waa X X X X X X X X X X X X X X X
Trl bra X X X X X X X X X X X X X X 1 X X X
Uvt aub
Uvi dir X X X X X X X X X X X X X X X X X X
uvt in z ^
Uvi his X X X X 1X X ! X X X X _ X X
Uvi tae X X X X X
Uvi par X X X
Uvi par X X X X X X X X X X X X X X ' X X X X
Val max
Val opl X X X X X X X X X X X X X X X X X
Wie aur 11 1 1 "~i 1 1___ I i
Depth 600 714 720 726 763 765 770 770 771 773 777 777 7B1 7B8 768 700
Lat. 27.4 26.0 27.6 27.7 27.2 27.3 2B.Q 27.fi 27.6 27.B 27.7 27.7 27.3 27.6 27.6 27.2
Long. 02.9 BO.G 04.5 01.4 03.5 03.5 68.5 94.1 94.8 90.4 01.7 91.0 93.5 92.6 04.4 03.5
ram arka
Abd paa X X X X X X X
Ala tur X X X X X X X X X X X X X X X X
All lav
Amm par




Ang lam X X
Ano dep
Arc com
Asl turn X X
Big Irr
Boi ala X
Bol alb X X X X X X X X X X X X X X X X X




Bol low X X X X X X X X X X X X X X X
Bol mln X X X
Bol ord X X X X X X X X X X X X X X X X X
Bol pus
Bol s. spl X
Bol s. max X X X
Bol tra X X X X X X X X X X - X X
Bol afer X X X X X X X X X X
Buchan
Bui ale I
Bul mor X X
Bul acu X X X X X X X X X X X X X X X X X
Bul ala X X X X X X X X X X X X X X X X X
Bul mar X X
Bul max X X X X X X X X X X X X X X
Bul spl X X X X X X X X X X X X X X X X X
Bul tan
Can obi " "
Car max X X X X X X X X X X X X X X X
Cas era X X X X
Cas cur X X X X X
Cas nao X X X X X X X X X X X X X
Casn.sus X X X
Cas sub X X X X X X X X X X X X X X X X X
Chi ool X X X X X X X X X X X X X X X X X
Cb ban X X X X X X X X X X
C b rug X X X X X X X X X X X X X X X
C b wue X X X X
Cil Inc X X X X X X X X X X
Cl) mun X X X X X X X X X X X X
Cii p. bal X X X X X X X X X X X X X X X X X
Cll p. sub
Cil rob X X X X X X X X X X X X X X X
Cli umb
Cla max X
Cve can X X X X
Dan ab
Dla bar




Depth esc 660 718 720 72B 753 765 770 770 771 773 777 777 761 765 768 700







Fur aam X X X X X X X X X X X X X X X X X
Qauaaq
Qav tra X X X X X X X X X X X X X X X X X
Qk> at( X X X X X X X X X X X X X X
Qlo ovu
Glm cha X X X X X X
Grl pyr X X
Qyr all X X X X X X X X X X X X X X X X X
Qyr laa X X X X X X X X X X X X X X X X
Qyr neo X X X X
Qyr pol X X X X X
Qyr umb X X X X X X X X X X X X X X X X
Han rag X X X X
Haz air
Hoa ala X X X X X X X X X X X X X X
loa turn
Kar bra X X X X X X X X X X X X X X X
Kaa
Lat aol X X X X X X X X X X X X X ' X X
Lai apn
Lai pau X X X X X X X X X X X X X X X X X






Mai occ X X X X X
Mai bar
Neo mln X X X X X X X X X X X






Ool hex X X X X
Orl ata X X X X X X X X X X X
Ori tan X X X X X X X
Orl umb X X X X X X X X X X X X X X
Orl was
Oaacul X X X X X X X X X X X X X X X X
Osa rug X X X X X X X X X X X X X X X X
Pau ter X X
Pav atl
Plo mad
Pla ari X X X X X X X X X X X X X
Pla axo
Pla tov X
Pla adv X X
Pro ora X






Pul bul X X X X X X X X X X X X
Pul aub X _____ X X X X I X X X
in JTO 0(MX X X X X nr X . X 1 X X X X X X X Ido |«a
xew |*a
X X X nr ~nr X X X nrnr X X nr nr X X |Afi
i jed |AfiPEI •*i w i
X tn 1 nr •in w i
III |A(1nr X nr nr X >rnr X nrnr nr nr X nr nr nr nr jip i*n
qn» Wl
X X >r X X X nr X nr X X nr X nr ■jq P i





nr X ir X X X nr X X nr X nr nr X X nr uioo bis
■ inqqds
nr nr nr X nr X X X X X X nr X nr nr nr nr inq ttds
»» MIS
ind dig
nr X nr X nr u q  disnr X X X nr U l |p  M g
X X nr nr nr X nr X nr nr X X xaui iny
X raq |oy
X nr X «iq qoy
11* nay
nr A p a  g a yojd way
nr jaa jAd
rau j Ad
nr znj nr nr nr jnui jAd55Z“B9£bbZ~L9£ ZZZ"ILL cZZ“rzroZZ~0**99Z~CS£5ZZ~5cZ~iTZ~099099 tltdag
l&O9U€LO2L6fil|6k9Ll»CO3l(Ueik}tO2i6OO?l4Zfilfrml9O9ll£O9tfr98llO9lkfreeiKeeil90Sl! *l<iUIM|
L G P
Death 706 608 813 820 826 627 824 8281 8381 8461 881 687 030 030 036 1001,1003
Let. 27.3 27.6 27.5 27.2 27.7 27.3 27.2 27.6 27.3 27.6 27.3 27.8 28.2 27.4 28.2 27.7 I 27.4
Lona. 03.6 02.1 04.1 03.6 00.8 03.5 03.5 02.2 03.6 02.2 03.5 02.4 60.6 02.6 60.6 00.3 04.5
X X X X X X X X
Ale lur X X X X X X X X X X X X X X X X X X
AH lev
Amm per X







Aet turn X X X X X X
Bio Irr
Bol ale X





Bol low X X X X X X X X X X X X X X X X X
Bol mln X X X X X X X
Bol ord X X X X X X X X X X X X X X X X X X
Bol pus
Bol s. spl X
Bol s. mex X X X X
Bol Ira X X X X X X X X X X X X




Bulacu X X X X X X X X X X X X X X X X X
Bul ala X X X X X X X X X X X X X X X X X
Bul mar X
Bul mex X X X X X X X X
Bul s p l X X X X X X X X X X X X X X X X X X
Bul ten
Can obi
Car mex X X X X X X X X X X X X X
Cas era X
Caseur X X
Cas neo X X X X X X X X X X X X X X X X
Casn. aus X
Cas sub X X X X X X X X X X X X X X X X X X
Chi ool X X X X X X X X X X X X X X X X X X
Cb ban X X X X X X X
C b rug X X X X X X X X X X X X X X X X X X
Cb woe X X X X X X X x , X X x ;
Cil Inc X X X X X
CU mun X X X X X X X X X X X X X X X X
CH p. bat X X X X X X X X X X X X X X X X X
Cil p. sub
CD rob X X X X _ x _ X X X X X X X X X X
CH umb X
Cla mex
Cvc can X X X X X
Den s b X
DIs ber
m s S X X X X X X X X X X X X X X
Egg pro X X X
Ehr sp)
Ehr trl
Depth 79E 706 806 813 82C 826 827 828 628 636 846 881 807 030 030 036 10011003







Fur aom X X X X X X X X X X X X X X X
Qauaeg
Qav tra X X X X X X X X X X X X X X X X X X
Oio an X X X X X X X X X X X X X
Qlo ovu
Qlm eha X X X X X
Qrl pyr
Qvr alt X X X X X X X X X X X X X X X X X
Qyr laa X X X X X X X X X X X X X X X X X X
Qvr nao X X X X X X
Qvr pol X X X X X X X X X X X X
Qvr umb X X X X X X X X X X X X X X X X X
Han reo X X X
Haz air X X
Hoa ala X X X X X X X X X X X X X X
loa turn
Kar bra X X X X X X X X X X X X X X X
Kaa apt X X
Lat aol X X X X X X X X X X X X X X
Lsl aon







Mat occ X X X X X X X
Mel bar
Neo m ln X X X X X X X X X X X X X X X






Ool hex X X X
Orl ate X X X X X
Orl ten X X X X
Orl umb X X X X X X X X X X
Oil area
Oaacul X X X X X X X X X X X X X X X X X
Oaa rug X X X X X X X X X X X X X X X X
Pau ter X X
Pav atl
Plo mad
Pla ari X X X X X X X X X X
Pla exo
Pla (ov X
Pla adv X X
Pro ora X X X
Pro mol X X X X X X X X X X X X X X X X





Pul bul X X X X X X X
Pul eub X X X X X X X X X l j l J X
d J*» e iM
X X X X X X X X X X X X X X X X (do  |BA
XOUI |®A
X X X X X X X X X X ""ST X nr X X X nr X ! j» d  |A n
JBd JAfl
X X ” x ®B| JAfl
x— _ _ *im i*n
iii i*n
X X X X — X x” X ~~X X X X ~ X
_
X nr nr jip i*n
X X ________1 ~ i q n s  (An
“ x X X X X x — nr x"“ X X I E J nr X <wq P i
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A aui x a i
u o a  x a i
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B i n q i t d s
X X x— X “ X ~ x” nr F nr X nr X nr in q  i |d S
)l»  m s
|n d  d | s
X wq d|s
X “ X X X X u i|p  D ag
X X X X X X X X nr X X x a u i i n y
a s q  to y
nr X a i q  q o y
l i a  n a y
/ip a  o a y
; o f i  u i a y
. . j a a  iA d
a a u  jA y_ _
X nr X X nr nr X nr in u i  jA y
EC 01 Tool see 0E0 o55“ Z55” fiio”9*0 SeF028 020 £28” 555" 028 GT b ~ 908 8« 951“ w d a a
09fr
laam nla *12035119241134311372113511137311374(135311939113491193811361I12BH1270115781
booth  1100911030l 104911066ll069| 107311076ll095l110111107i111311210i1326l1330|l34l|
Lat. 27.7 27.7 28.1 28.1 28.1 28.1 28.1 28.1 27.7 28.1 27.7 28.0 27.3 27.3 27.2
Long. 90.C 90.1 80.3 80.2 89.2 89.2 80.2 89.1 69.9 89.1 89.9 89.1 00.4 90.4 92.1
r a m a r k a
Abd paa X X










Aal turn X X X
Bla irr
Bol ala X X X X X





Bol low X X X X X X X X X X X X X X X
Bol min
Bol ord X X X X X X X X X X X X X X X
Bol pua
Bol a. apl X X
Bol a. mex X X
Bol tra X X X X X X X X X X X




Bul acu X X X X X X X X X X X X X X X
Bul a la X X X X X X X X X X X X X X X
Bul mar
Bul mex X X X X X X X X
Bul apl X X X X X X X X X X X X X X X
Bul tan
Can obi I
Car max X X
C as era X
C as cur
C as nao X X X X X X x  ; X
C aan. aus
C as sub X X X X X X X X X X X X X X X
Chi ool X X X X X X X X X X X X X X
C b  ban X
C b  mo X X X X X X X X X X X X X X X
C b  wue X X X X X X X X X X X X X X X
Cil Inc X X X X X X X X X X X X X
Cil mun X X X X X X X X
—  ' “ I
X X X X
Cil p. bat X X X X X X X X X X X X X X X
Cil p . aub
Cil rob X X X X X X X X X X X X X X X
Cli umb
Cla mex
Cvc can X X X X X X X X X
Dan a b
Dia b ar X
Eoa bra X X X X X X X X X X
Egg pro X X
Ehr apl
Ehr trl
Depth 1000103C 1046 1086 1066 1073 1076 1005 11011107 1113 12101326 1330 1341







Fur aam X X X X X X X X X X X
Gauaeq _ _ _ _ _ _ _ _ _ I
Gav tra X X X X X X X X X X X X X X X
Qlo atf X X X X X X X X X X X
Qlo ovu
Qlm eha X X X X X X 1 X X
Grl pyr
Gvr all X X X X X X X X X X X X X X X
Gyr laa X X X X X X X X X X X X X X X
Gyr nao X
Gvr pol X X X X X X X X X X X X X X
Gvr umb X X X X X X X X X X
Han raa X
Haz sir
Hoa ale X X X X X X X X X X X X X X
loa turn X X
Kar bra X X X
Kaawri X X X
Lat spl X X X X X X X X X X X X X X
Lat son







Mat occ X X X X X
Mai ta r X
Nao min X X X X X X X X X X X X X X





Nut dec X X X
Ool hex X
Orl sta
Orl tan X X X X X X
Orl umb X X X X X X X X X X X X X X
Orl was
Osacul X X X X X X X X X X X X X X








Pro ora X X
Pro mol X X X X X X X X ~x X X X
Pso atl
Psn com
Psa atl j_ _ _ _ _ _ _ _ _
Pul bul X X ' X X : x X X X X
Pul sub X X X I X X ■ X X X X X X
4 6 3








Rut max X X X X




Sph bul X X X X X X X X X X X X X X
Sphbula





Toe wea X X X X X X X X X X X X
Trf bra X X X X X X X X X
Uvi aub X X X X X





Uvi per X X X X X X X X X X X X X X X
Val mex
Val opl X X X X X X X X X X X X X X
Wie aur
Appendix 5
Factor scores for all factor analyses
4 6 4
Recent species-frequency factor analysis
Sam ple Factor 1 Faetor 2 Factor 3 Factor 4 Factor 5
u s e 4.156 -0.323 •0.393 -0.658 0.362
1179 1.990 -0.054 -0.652 •2.011 0.104
1534 1.035 0.513 -1.413 -3.533 -1.780111 1.152 2.288 •0.294 -1.140 -1.260
404 1.315 2.000 0.010 • 1.016 -0.792
462 6.985 -1.124 -0.014 0.084 -0.460
1B78 0.225 1.269 -0.817 -1.988 -0.30211C 5.484 -0.098 0.156 0.191 1.23012 1.881 1.648 0.169 -0.107 -0.101
1S61 •0.539 0.933 -0.285 -1.263 2.458
2039 -0.346 0.696 -0.828 -1.736 0.429
1059 -0.292 1.916 -0.115 • 1.188 -0.7266 0.077 1.627 0.051 •0.764 -0.711
1983 -0.181 -0.433 •0.402 •1.252 4.211
2027 -0.717 1.898 -0.641 -1.768 -0.772
104 -0.196 2.973 0.071 -0.265 -0.7361202 -0.238 0.602 -0.782 -1.505 0.290
1954 -0.746 0.661 -0.507 -0.937 1.722
139 -0.289 2.827 0.138 0.419 0.130
227 -0.209 2.799 0.020 0.009 -0.443
1064 -0.602 0.393 -1.312 -2.329 -1.483
229 -0.335 1.034 -0.811 0.157 •0.222
233 0.140 1,007 0.134 0.157 2.956
229 -0.727 1.898 -0.417 -0.243 -0.224
1973 -0.459 •0.145 -0.912 -1.453 3.711
232 -0.362 1.231 -0.424 0.136 -0.241
237 -0.860 1.041 -0.934 -0.492 0.096221 -0.351 1.640 -0.510 0.614 -0.186
1127 •0.120 0.192 •0.637 -0.266 0.089
1226 -0.367 0.710 -0.506 0.802 0.498
223 -0.047 0.885 -0.699 0.539 •0.461
1070 -0.218 0.785 -0.629 -0.066 0.147
2054 -0.373 0.525 -0.085 -0.171 3.668
146 -0.429 0,837 -0.891 -0.001 •0.401
147 -0.332 0.444 -0.532 -0.023 •0.388
144 -0.542 0.959 -0.574 0.558 -0.204
145 •0.420 0.720 -0.872 0.691 -0.555
226 -0.181 0.865 -0.842 0.968 -0.818
1537 -0.741 -0.340 -1.779 -1.490 -1.367
1839 -0.071 0.084 -0.970 1.309 •0.516
239 -0.183 0.867 -0.193 0.941 -0.384
569 0.222 0.289 -0.226 1.555 0.138
1967 -0.312 -0.371 •0.978 •0.836 2.269
240 -0.228 -0.436 •0.801 0.500 •0.045
2056 -0.300 •0.482 -0.461 0.154 4.363
1230 -0.039 •0.923 -1.207 0.159 •0.502
328 -0.004 •0.136 -0.347 1.236 -0.227
1456 -0.243 0.659 -0.251 2.427 •0.055
584, -0.022 0.336 -0.034 0.954 0.610
242 •0.437 •0.159 -1.131 0.707 0.087
256 0.037 0.655 0.213 2.402 -0.261
312 -0.033 0.368 -0.110 2.302 -0.199
1459 0.165 -0.267 -0.777 2.097I -0.770
1836 -0.341 -0.341 -1.225 0.742 -0.926
216 -0.209 -0.209 -1.115 0.655 -0.802
573 0.045 0.045 -0.417 1.362 0.199
576 -0.030 -0.029 -0.211 1.358 0.162
1900 -0.346 -0.346 -1.082 -0.538 0.708
582 0.198 0.196 0.082 1.572 0.356
580 0.187 0.187 0.133 1.515 0.122
1885 -0.289 •0.289 -0.969 0.858 -0.094
574 0.214 0.214 0.039 1.028 0.315
217 0.201 0.201 -0.955 1.052 -1.157
218 •0.202 -0.589 -0.727 0.777 -0.694
Sam plo Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
611 0.022 -0.773 -0.621 1.182 -0.271
60S 0.077 0.002 0.451 1.043 0.088
214 -0.306 -0.204 -0.451 0.361 -0.272
1807 -0.275 -1.502 -0.873 •0.305 0.460
207 -0.101 •0.005 -0.337 0.370 0.152
18SS -0.373 -1.486 -1.184 •0.400 -0.508
211 -0.205 -0.132 0.087 1.084 -0.312
213 -0.174 -0.850 -0.778 0.566 -0.735
1076 •0.143 -1.105 -0.526 -0.188 -0.332
597 0.106 -0.144 0.004 1.116 0.463
2046 -0.207 •0.412 •0.300 0.002 1.270
503 0.085 -0.421 0.337 0.880 0.155
2036 -0.330 -1.827 -0.040 -0.773 -0.540
274, -0.144 •0.368 -0.375 0.705 -0.146
12641 •0.261 -1.585 -0.632 -0.272 0.052
1448 •0.274 -1.606 -0.B77 -0.301 -0.156
166 -0.003 -0.266 0.608 0.824 -0.408
26! -0.250 -0.750 -0.104 0.462 •0.501
506 0.102 -0.323 0.665 0.005 0.404
236 •0.362 -0.625 -0.531 0.110 -0.045
2056 -0.054 -0.464 1.260 0.266 0.085
542 0.654 1.104 0.351 0.846 0.226
1760 -0.330 -1.204 0.167 -0.657 -0.025
1033 •0.185 -1.458 -0.237 -0.178 •0.513
2001 •0.413 -1.212 0.220 -1.135 -0.800
2032 -0.302 -1.684 -0.502 -0.617 -0.770
1301 -0.085 -0.050 •0.802 -0.408 -0.468
254 -0.348 •0.685 0.732 -0.047 0.005
1003 -0.160 -1.280 0.568 -0.240 •0.546
1873 -0.403 -1.156 0.126 -0.817 •0.162
2024 -0.144 -1.031 0.600 -0.348 -0.830
187 •0.246 •0.451 1.270 -0.145 -0,407
412 -0.083 0.057 1.258 0.347 -0.017
1326 -0.108 -0.365 0.406 0.538 0.277
2046 •0.301 -1.573 -0.723 -0.470 0.017
186 -0.062 •0.310 0.074 0.152 0.137
1088 -0.353 •0.378 1.273 -0.684 -0.570
2033 -0.356 -1.442 0.157 -1.180 -0.712
243 -0.107 -0.342 0.786 0.315 -0.073
244 -0.128 -0.113 1.136 0.211 -0.180
1086 -0.205 •0.346 1.824 -0.242 -0.381
1336 -0.488 •0.3471 0.565 -0.472 0.413
1046 -0.002 -0.000 1.209 -0.000 •0.442
246 •0.266 -0.014 1.300 0.168 0.056
246 -0.336 -0.411 1.043 -0.180 -0.145
1025 -0.235 -0.068 0.072 -0.167 -0.141
1352 -0.404 -0.356 1.063 •0.602 -0.114
2041 •0.286 -0.780 1.556 -0.732 •0.305
1385 -0.267 0.031 2.131 •0.203 -0.105
2045 •0.640 -0.008 0.844 -1.301 -0.705
1371 -0.305 -0.261 1.440 -0.552 -0.135
1366 •0.108 0.406 3.026 -0.173 -0.117
1362 -0.224 0.530 3.063 •0.250 0.128
1268 •0.120 0.020 3.101 -0.018 •0.202
1584 -0.088 0.570 3.250 0.084 0.065
1274 -0.361 •0.178 2.304 -1.103 -0.386
Late Pleistocene species-frequency factor analysis
Sam ple Factor 1 Factor 2 Factor 3
1S74 3.116 •0.316 -0.120
1573 2.523 -0.318 -0.366
2015 3.306 -0.657 0.728
1416 2.682 -0.765 0.648
2010 1.516 -0.322 -0.015
1536 1.583 0.543 0.150
1546 0.643 3.167 0.775
2023 2.066 0.265 0.263
1557 1.246 0.261 0.047
1550 0.672 0.765 -0.652
1456 0.182 0.601 -1.060
1836 0.366 2.806 0.142
2011 0.186 -0.030 -0.703
1640 -0.101 -0.132 -0.840
1657 -0.161 0.037 -1.462
1407 0.004 0.056 -0.835
1666 -0.104 0.541 -0.442
1746 -0.148 -1.027 -0.712
2026 -0.544 2.685 -1.277
1562 -0.308 0.651 -1.714
2030 •0.552 0.588 -1.270
2022 -0.576 0.406 -1.331
1451 -0.017 -0.246 -0.766
1635 -0.338 -0.610 -0.528
1680 -0.353 -0.503 •0.464
1667 -0.363 -0.314 •0.645
1647 -0.288 0.224 -0.608
1564 -0.567 0.022 -1.103
1636 -0.371 -1.476 -0.118
1446 -0.202 1.388 -0.787
2021 -0.462 -0.284 •0.898
1745 -0.546 •0.572 -o.eoe
1744 -0.658 -0.253 •0.306
1760 •0.318 0.317 -0.371
1864 -0.758 1.006 -1.266
1627 -0.320 •1.356 0.223
2006 -0.411 •0.716 0.063
1616 -0.160 -1.602 0.388
1567 -0.860 •0.028 0.243
2013 •0.624 •0.638 -0.163
1663 •0.454 •0.816 0.156
1566 -0.648 -0.031 -0.108
1605 -0.456 -0.684 0.144
1445 •0.420 -0.872 0.086
2024 -0.118 • 1.118 -0.223
1626 -0.361 -0.784 0.386
1606 -0.365 -0.808 0.645
1612 •0.656 -0.787 0.445
2025 •0.867 0.717 -0.162
1602 -0.347 -1.320 0.531
1563 -0.451 -0.866 0.265
1685 -0.340 -o.aae 0.663
2033 •0.512 0.654 0.516
1600 -0.367 -0.476 1.466
1586 -0.870 1.500 0.665
1661 -0.522 -0.163 0.576
1753 •0.604 -0.321 1.411
1268 •0.614 0.132 2.636
1281 -0.538 1.270 2.238
1270 -0.465 1.086 2.151
1578 -0.766 1.041 3.358
Combined Recent + Late Pleistocene species-firequency factor analysis
471
Factor 1 Factor 2 Factor 9 Factor 4 Faetor 8 Factor 6
1S74 0.838 0.086 0.773 6.618 •0.682 •1.038
1873 0.643 0.018 0.802 3.417 •0.754 •0.718
2018 0.677 0.136 1.038 4.065 -0.204 •0.268
1418 1.278 0.110 0.640 3.636 0.322 •0.188
2010 •0.228 •0.260 -0.314 3.861 -0.453 0.868
1838 0.823 0.671 0.331 1.844 •0.183 0.527
1646 1.708 1.031 •1.188 1.867 1.173 2.864
2023 1.088 •0.240 •0.687 4.610 0.365 0.146
1887 0.234 0.186 -0.614 2.631 -0.304 •0.130
1880 0.846 0.638 •0.708 2.283 •0.106 -0.082
1488 •0.468 0.763 •0.424 0.237 •1.383 0.836
1836 1.377 1.448 -1.148 1.108 0.238 2.073
2011 0.047 0.761 -0.731 0.433 -0.087 -0.347
1640 •0.483 1,430 •0.646 0.384 -0.838 •0.268
1887 •0.180 1.188 ■1.076 -0.015 -1.063 •0.368
1407 -0.211 0.633 -0.847 0.248 •0.788 -0.113
1688 0.412 1.168 -1.461 0.714 0.386 -0.445
1748 •1.060 0.668 •0.178 0.173 •0.828 -0.484
2021 0.316 1.088 -0.808 -0.608 •0.578 2.777
1882 -0.188 1.388 -0.676 •0.318 -1.415 0.262
2030 -0.070 1.364 -1.026 •0.344 •0.685 -0.020
202S -0.043 1.850 -0.747 0.030 -1.278 0.628
1481 •0.008 0.847 •0.537 0.164 -1.024 -0.447
1638 •1.167 1.184 -0.423 0,677 •0.374 -0.828
1660 •1.204 0.463 •0.436 0.326 -0.363 0.357
1667 •0.747 1.434 •0.883 0.010 -0.666 -0.838
1647 •0.611 1.424 •0.834 0.262; •0.861 •0.254
1684 ■0.712: 1.444 •0.606 •0.438 -1.174 •0.672
1638 •1.026 1.286 •0.380 •0.148 0.024 -1.044
1448 0.047 1.061 -1.187 0.273 •0.464 1.648
2021 •0.027 1.270 •0.440 -0.265 -0.468 -0.414
1746 -1.102 0.655 •0.624 •0.388 -0.660 -0.221
1744 -0.803 0.888 ■0.710 •0.208 •0.046 -0.524
1760 -0.170 1.016 •0.814 -0.446 •0.150 1.024
1664 -0.428 1.886 -1.476 -0.366 -1.456 -0.046
1827 • 1.242 1.068 -0.268 -0.170 -0.061 •0.68B
2008 •1.200 1.203 -0.308 0.088 0.212 -0.650
1618 -1.678 0.776 0.100 0.361 0.111 •0.642
1887 -0.441 1.664 • 1.168 •0.466 0.658 •0.363
2013 •0.872 0.805 -0.541 •0.360 0.202 -0.217
1083 -0.813 1.483 •0.564 -0.356 0.131 -0.441
1888 -1.328 0.801 •0.581 -0.214 0.013 -0.414
1606 •0.646 1.268 •1.108 -0.345 0.127 -0.648
1448 •0.620 1.116 0.787 0.167 -0.210 -0.467
2024 -1.404 0.332 •0.081 0.336 -0.620 0.032
1628 ■0.772 1.062 -0.633 •0.436 0.762 -0.562
1608 •0.664 0.870 -0.885 -0.622 1.038 -0.443
1618 • 1.260 1.478 -0.268 •0.334 0.458 -0.072
2028 -0.481 1.700 •0.762 •0.612 0.105 0.588
1608 •1.182 0.848 -0.258 -0.238 0.532 -0.247
1663 -0.886 1.310 -0.423 •0.468 0.035 -0.483
1868 •0.877 1.001 -0.088 -0.213 0.652 -0.587
2033 •0.674 1.372 -0.851 -0.367 0.236 0.661
1600 -0.816 0.876 -0.475 •0.058 1.188 -0.644
1868 •0.632 2.141 -0.042 •0.308 0.848 1.473
1881 -1.081 0.786 -0.423 -0.252 0.662 1.167
1783 -0.628 1.013 •0.616 -0.404 1.888 0.120
1268 •0.083 0.066 •1.512 •0.473 2.866 •0.287
1281 0.182 1.666 -1.166 •0.374 2.668 0.683
1270 0.138 1.183 -0.836 -0.444 3.124 1.186
1676 0.148 0.813 •0.824 0.146. 4.836 0.500
Sam ple Factor 1 Factcr 2 Factor 3 Factor 4 Factor 5 Factor 6
Recant
1 1B6 -0.301 1.588 2.639 -0.477 •0.430 -0.41G
117* •0.22* 1.080 3.128 -1.005 •0.127 •0.063
1534 •0.244 2.140 2.763 -1.009 -0.BB5 •1.154
111 2.440 1.501 1.61 G •0.309 0.779 -1.020
404 1.231 1.043 2.521 -1.080 -0.040 -2.130
462 •0.274 1.108 4.011 1.035 -0.627 -2.381
1078 0.640 1.137 2.127 -0.662 -0.351 0.028
110 0.114 2.154 4.045 -0.167 -0.560 -0.210
12 1.813 1.170 1.530 -0.584 0.860 -1.262
1061 0.105 0.143 2.005 -0.482 -0.071 1.745
203* 0.304 0.451 1.073 •0.456 -0.552 0.610
105* 1.400 0.779 0.995 -0.221 0.706 -1.271
B 1.404 0.502 1.100 -0.517 0.707 •1.330
1083 -0.636 -0.212 2.516 -0.527 -0.010 3.005
2027 0.801 0.842 1.470 -1.074 -0.252 • 1.102
104 2.418 0.831 0.702 -0.506 0.760 -0.001
1202 0.281 0.224 1.710 -0.173 -0.405 -0.243
1054 0.440 -0.006 1.401 -0.280 •0.128 2.212
13* 2.406 0.110 0.521 -0.568 0.730 0.417
227 2.827 0.544 0.356 • 1.142 1.138 -0.019
1064 0.321 0.568 1.044 -1.047 •0.712 -0.054
228 1.B82 -0.109 •0.068 -0.517 0.001 -0.011
233 1.360 •0.202 1.508 -0.303 0.776 2.904
22* 1.617 •0.108 0.173 •0.433 -0.014 •0.026
1073 -0.087 0.030 2.373 -0.368 •0.650 3.231
232 1.617 -0.101 -0.168 0.260 -0.176 -0.260
237 1.605 •0.202 -0.040 -0.148 -0.175 0.070
221 2.458 •0.280 -o .o e i -0.343 0.401 -0.212
1127 0.30* -0.694 0.330 0.158 •0.680 0.262
1228 1.155 -0.010 -0.106 -0.252 -0.220 0.479
223 1.182 -0.740 0.060 -0.052 -0.506 -0.800
1070 1.372 •0.465 0.316 •0.481 -0.100 0.289
2054 0.303 -0.308 1.733 -0.176 0.383 3.403
140 1.040 -0.140 0.285 -0.366 -0.614 •0.418
147 0.758 -0.272 0.311 -0.511 -0.400 •0.340
144 1.507 •0.583 -0.172 •0.307 -0.053 0.046
148 1.833 -0.570 •0.400 -0.378 -0.126 -0.353
225 2.003 -0.236 -0.770 -0.624 0.105 -0.375
1537 0.410 -0.417 0.131 -0.567 -1.008 -1.373
1B30 1.716 -0.760 -1.240 -0.622 -0.255 0.043
230 1.330 -0.865 -0.370 -0.707 0.301 -0.738
560 1.173 •0.324 -1.055 -0.547 -0.673 -0.072
1067 -0.375 -0.180 1.484 -0.305 -0.004 2.611
240 0.653 -0.040 -0.261 •0.532 •0.640 -0.350
2056 0.038 -0.055 0.574 -0.545 -0.380 5.541
1230 0.080 -1.363 •0.018 -0.150 -0.963 •0.003
328 0.876 -0.781 -0.680 -0.378 -0.723 •0.376
1456 1.036 -1.005 -1.514 -0.601 -0.026 0.131
584 0.607 -0.525 -0.087 -0.056 -0.234 0.510
242 0.081 •0.670 -0.444 0.187 -0.676 0.200
256 1.027 -0.888 -1.404 •0.676 0.343 •0.380
312 1.610 -0.861 • 1.301 -0.578 0.102 0.340
1450 1.460 -0.081 -1.774 -0.521 •0.130 -0.872
1836 0.649 -0.042 -0.059 -0.072 -0.722 -0.575
216 0.602 •0.802 -0.765 0.011 -0.642 -0.401
573 0.367 •0.015 -0.712 -0.566 -0.020 0.032
676 0.008 -0.662 -0.744 -0.306 -0.530 0.077
1000 -1.067 -0.7B4 0.350 -0.094 -1.353 0.002
582 1.151 -0.876 -0.730 -0.487 0.131 0.000
580 0.701 •0.835 •0.702 •0.386 -0.532 -0.211
1865 0.152 •0.043 -1.180 •0.040 •1.009 0.614
574 0.504 -0.317 -0.211 -0.227 -0.760 0.825
217 1.069 -0.390 -0.657 -0.556 -0.436 -1.073
Sam ple Factor 1 Factor 2 Factor 3 Factor 4 Factor S Factor 6
216 0.234 -0.650 -0.730 -0.375 -0.003 -0.050
611 0.075 •0.450 -1.005 -0.366 -1.338 -0.208
60S 0.320 -0.004 •0.278 -0.522 •0.340 -0.374
211 0.367 -0.660 -0.370 -0.073 •0.372 •0.682
1607 -0.051 •1.261 0.164 0.148 -1.188 0.083
207 -0.124 •0.340 -0.268 •0.043 -0.682 0.285
18SS -0.612 -1.01S 0.024 -0.151 -1.257 -0.367
211 0.303 -0.052 -0.203 -0.487 0.023 -0.700
213 0.026 •0.070 -0.673 -0.177 -0.500 1.446
1078 •0.604 •0.060 -0.103 0.536 -0.400 0.338
S07 •0.237 •1.163 -0.041 •0.523 -0.114 -0.316
2043 -0.002 -0.032 •0.302 -0.442 •0.685 1.507
503 -0.117 -0.056 -0.404 0.222 -0.383 0.105
2030 -1.031 •0.682 -0.226 0.103 -1.070 •0.425
274 0.135 •0.360 -0.637 -0.302 -0.056 0.002
1264 -1.203 •0.663 -0.171 0.257 -1.160 0.856
1443 -1.105 -1.186 0.368 0.046 •1.203 0.282
160 •0.451 -0.800 -0.410 •0.408 •0.302 -1.005
265 -0.301 •1.230 -0.23B 0.053 -0.370 •0.280
500 -0.372 •0.621 -0.160 •0.436 -0.706 0.110
230 •0.461 -0.045 •0.051 0.008 -0.703 0.238
2050 •0.544 -1.462 0.378 -0.008 0.530 -0.278
542 1.614 -0.005 -0.176 -0.850 0.452 •0.341
1760 -1.065 •1.005 0.505 0.132 -0.227 0.324
1033 -1.070 -1.045 -0.175 -0.235 -0.620 -0.224
2001 -1.134 -0.872 0.245 -0.283 -0.014 -0.483
2032 -0.533 -0.837 -0.2381 -0.260 -0.336 -0.101
1301 -0.454 -0.518 0.36 Si -0.160 -1.258 -0.305
254 •0.650 -1.130 0.502 -0.141 •0.057 0.182
ieo4 •1.260 -1.322 0.158 0.077 0.001 •0.407
1673 •1.400 -1.240 0.412 0.123 -0.606 -0.137
2024 -0.782 -1.000 0.201 -0.007 0.502 -0.462
167 -0.811 -1.537 0.470 -0.251 0.186 -1.007
412 -0.646 -1.140 0.530 -0.384 0.428 -0.807
1326 0.016 -0.560 •0.563 -0.564 -0.311 0.270
2040 •1.244 -0.027 0.100 0.050 -1.020 0.702
166 -0.810 -0.802 0.522 -0.376 -0.353 -0.082
1085 -0.656 •0.755 0.665 -0.336 0.526 -0.436
2033 -0.866 -1.414 0.406 0.156 0.618 -0.204
243 -0.725 -1.276 0.142 -0.123 0.213 -0.307
244 -0.406 -1.376 0.600 -0.215 0.675 0.800
1 0 6  el •0.016 -1.110 0.225 -0.163 1.224 -0.414
1330 -0.636 -0.410 0.235 •0.234 0.203 0.087
1040 -1.544 •0.850 0.486 -0.006 0.044 -0.188
245 •0.354 -1.208 0.434 -0.436 0.776 -0.478
24G -0.612 •1.238 0.367 -0.246 0.670 -0.473
1025 -1.161 -1.135 0.103 •0.103 0.438 0.002
1352 •1.070 -1.234 0.711 -0.078 1.262 -0.204
2041 -1.150 -0,875 0.260 0.163 1.108 0.052
1365 -0.654 •0.080 0.257 •0.160 1.627 •0.588
2045 -1.278 •0.778 0.428 -0.106 0.305 •0.210
1371 -0.765 -1.160 0.572 -0.146 0.675 -0.533
1360 -0.002 -1.164 0.257 0.260 2.555 -0.253
1362 -0.745 -1.160 0.577 -0.218 3.024 0.027
1266 •1.046 -1.252 0.550 1.823 3.671 0.043
1584 -0.701 •1.220 0.350 0.388 2.681 -0.245
1274 -0.010 -0.782 0.333 0.586 3.266 0.216
Recent presence / absence factor analysis
Sam ple Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
1714 -0.70 2.16 •0.22 •0.23 •0.15 -2.81
171* -0.62 1.02 -0.30 0.0! 0.10 •3.30
171* -0.52 1.85 -0.47 •0.13 0.18 -3.01
171* ■0.74 2.13 -0.08 -0.10 0.73 •3.56
171* -0.70 2.24 -0.38 •0.20 0.15 -1.01
114! -0.22 2.60 0.34 -0.67 •0.30 -0.12
113! -0.44 2.71 0.29 •0.50 -0.44 0.43
1140 -0.24 2.62 0.17 •0.88 -0.45 -0.13
1194 -0.16, 2.35 •0.30 •0.65 •0.46 0.64
113* •0.42 2.75 0.01 -0.88 •0.47 0.72
101$ •0.28 2.72 •0.18 -0.36 0.24 -0.03
1137 -0.31 2.75 0.04 •0.84 -0.31 0.40
170S -0.57 1.05 -0.36 0.21 0.27 •2.82
1710 -0.71 2.04 -0.14 •0.20 0.25 •2.01
to se •0.21 2.01 0.60 -0.60 -0.34 0.70
171! •0.30 2.05 0.02 0.05 0.78 -2.30
10S! -0.30 2.B0 0.16 -0.77 -0.36 0.66
10S7 -0.36 3.18 0.56 •0.50 -0.33 1.03
170* -0.87 1.77 •0.32 0.00 •0.14 -3.63
100* -0.20 2.77 0.55 -0.64 -0.23 0.05
100* •0.17 2.44 -0.02 -0.54 -0.30 0.13
1004 -0.21 2.37 0.04 -0.26 -0.11 0.20
1010 -0.00 2.01 0.45 -0.80 0.01 0.37
1003 -0.06 2.61 -0.00 •0.80 -0.20 0.05
1004 0.07 2.02 •0.58 -1.16 •0.68 0.25
1177 0.08 2.42 0.00 -0.71 -0.18 1.03
100! 0.00 1.86 -0.82 -1.13 -0.06 0.18
118* ■ 0.28 2.47 0.06 •0.53 0.03 0.86
1005 0.26 1.55 -1.02 • 1.00 -1.28 -0.00
1145 0.35 2.13 0.04 -0.55 -0.36 1.2B
1158 0.10 2.30 0.25 -0.70 0.35 0.45
110! 0.21 2.13 -0.04 -0.38 •0.08 0.B1
117! 0.31 2.11 0.07 -0.07 -0.25 0.80
1183 0.50 1.72 0.00 •0.81 -0.35 1.01
1006 0.00 1.01 •0.44 -0.02 -0.75 0.67
1180 0.48 1.02 •0.12 -0.33 -0.20 1.31
151! 0.74 1.72 -0.32 -0.54 0.38 0.01
ISO* 0.71 1.39 -0.62 1.32 0.04 0.40
1506 -0.00 2.36 0.20 2.95 -1.25, -1.08
1515 0.70 2.16 -0.31 -0.66 0.02 1.56
1700 i.eol 0.05 -1.04 0.45 0.01 0.40
1517 0.44 -2.20 0.02 -0.30 0.35 0.03
1917 0.00 0.7* -0.76 -0.56 -0.06 0.87
120* -0.05 0.37 -0.02 7.11 -0.00 -0.37
1534 1.28 0.60 -0.70 0.01 0.24 0.62
1870 1.08 0.62 -0.7* 0.22 0.24 0.06
170! 1.21 0.80 -1.12 0.06 0.30 0.42
1024 1.10 0.48 -0.70 2.23 0.25 1.73
1027 0.40 0.04 -0.37 3.35 •0.60 1.17
170* 1.30 1.04 •0.53 0.87 0.56 0.63
1740 0.06 0.36 -1.06 0.45 0.56 -1.12
152! 0.64 0.40 •0.66 2.31 0.27 -0.77
187* 1.68 •0.50 -1.30 -0.18 -0.38 0.55
102! 0.53 0.57 -0.65 2.17 0.21 -2.04
1701 1.73 0.26 •0.08 -0.07 0.61 1.33
1703 1.10 0.54 -0.15 1.86 0.72 -1.75
1050 1.74 •0.31 -1.55 -0.70 -0.78 0.46
1743 1.40 0.31 • 1.38 -0.14 •0.23 0.07
176! 1.86 0.23 -0.72 -0.15 0.38 0.90
1880 0.50 0.17 -1.27 1.08 0.03 -3.30
1701 1.62 0.50 -0.65 •0.40 -0.02 1.28
1061 0.82 -0.36 -2.27 •0.82 •2.35 -0.34
1702 1.45 0.07 -1.06 1.23 0.24 0.36
1541 -0.70 0.48 -0.60 3.1* -0.65 -3.46
Sam pla Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
1804 1.88 •0.01 -0.70 0.17 1.02 1.02
160S 1.60 0.28 -0.65 0.48 0.84 0.17
2036 1.05 -0.85 -1.40 -0.66 -0.00 0.62
1026 0.60 -0.23 -0.61 3.81 -0.26 -0.47
1764 1.64 0.03 -0.62 •0.40 0.08 0.36
1607 1.15 -0.32 -0.03 0.00 0.00 •0.40
1763 1.85 •0.46 •0.36 •0.20 0.40 0.50
1206 -0.30 0.07 0.13 6.56 •1.43 0.10
1667 1.08 -0.21 -1.03 0.16 0.70 0.53
1704 1.40 0.63 •0.02 -0.38 0.43 1.16
1034 1.05 -0.50 •0.66 2.07 0.25 0.88
1504 1.07 -0.46 •0.55 1.41 0.74 0.50
106! 0.87 -0.88 -1.01 •1.24 -2.73 -0.04
1036 0.76 •0.20 0.22 5.05 -0.77 0.85
1046 1.78 -0.60 -0.05 0.67 0.60 -0.74
1056 1.74 0.04 0.04 -0.43 0.23 1.43
1700 1.01 -0.05 -0.27 •0.21 0.23 0.25
1204 1.61 •0.13 0.16 1.75 0.01 1.31
2016 1.47 0.1 S -0.26 2.18 0.06 -0.25
1206 1.40 0.21 0.48 2.37 0.00 2.03
1083 -0.02 -0.41 -2.12 -0.81 -2.40 -2.71
1646 1.77 -0.53 -0.48 -0.06 0.87 •0.42
1676 1.05 -0.62 -0.25 •0.30 0.61 0.13
1576 1.30 0.11 -1.00 0.08 0.03 -1.25
1825 1.42 •0.23 -0.05 -0.40 -0.16 0.63
1435 2.00 -0.01 •0.73 -0.35 0.45 0.02
2031 0.83 -0.33 -0.66 1.80 0.10 -0.61
1766 1.65 -0.70 -0.14 •0.04 0.38 0.30
1540 1.76 •0.52 -0.38 0.73 0.50 0.30
2027 1.63 -0.36 0.47 -0.23 0.03 0.60
1724 1.80 -0.80 -0.51 •0.43 0.46 -0.05
2020 1.37 -0.61 -0.80 0.47 1.48 -3.55
2044 1.41 -0.88 -0.66 •0.62 -0.77 0.08
120! 1.07 •0.18 •0.25 0.18 0.57 1.27
1054 1.35 -1.10 -1.50 -1.15 -2.20 •0.30
1113 1.57 -0.36 0.00 •0.70 •0.20 0.05
2026 1.21 -0.30 0.27 0.07 -0.26 0.46
1766 1.57 -0.77 0.66 -0.70 0.53 -0.30
1817 1.23 -0.80 0.52 -0.36 0.40 -0.72
1064 1.46 -0.73 0.33 -0.44 -0.11 0.42
2016 1.73 -0.75 0.00 •0.16 0.65 0.13
1731 1.77 -0.10 0.48 •0.25 0.51 0.72
1046 O.BOl -1.14 -1.73 -1.25 -2.53 •0.50
1846 0.40 -0.68 1.61 -0.32 0.18 •0.81
1073 0.64 -0.75 -1.72 -1.27 •3.00 -0.10
1616 0.80 -0.40 0.76 -0.40 -0.57 0.21
1574 1.22 •0.35 0.87 -0.35 0.30 0.06
1778 1.15 -0.84 1.10 •0.71 •0.04 -0.45
1417 1.26 -0.54 •0.15 •0.01 1.23 -3.25
1406 0.07 -0.68 1.01 0.21 -0.38 0.18
1721 0.80 -0.60 1.01 -0.47 -0.11 -0.03
1127 1.05 -0.43 1.30 -0.64 -0.20 -0.06
1573 1.25 -0.21 1.42 -0.56 0.68 0.30
1536 1.14 •0.47 1.64 -0.51 0.20 0.07
2016 0.54 -0.37 0.80 -0.20 -0.04 -0.45
2017 1.25 -0.28 1.10 -0.18 0.48 -0.51
1226 0.81 -0.65 1.44 -0.13 •0.60 0.43
1536 1.50 •0.64 0.06 -0.65 0.17 -0.08
1070 1.28 -0.32 1.37 0.50 0.68 0.60
1566 1.36 -0.57 0.76 -0.38 0.60 -0.74
1400 0.65 -0.30 1.21 •0.34 -0.01 0.20
2054 0.06 -0.70 -1.52 •1.03 •2.38 -0.01
1071 0.88I •0.42 1.56 0.22 0.31 0.24
2010 0.83 •0.50 1.45 -0.73 -0.21 -0.57
Sam pta Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
1483 0.56 -0.36 1.14 •0.41 -0.57 0.13
146G 0.40 •0.34 1.82 -0.38 0.01 -0.48
1053 0.26 •0.03 -1.12 -0.80 -2.20 -1.08
1537 0.67 -0.27 1.66 -0.47 0.15 0.26
1638 0.07 -0.27 1.58 0.15 -0.36 0.30
1063 0.14 -1.08 • 1.65 -1.01 -2.83 -2.25
1831 1.10 •0.80 -0.13 -0.78 -0.44 -0.15
2037 0.13 •0.48 1.42 -0.68 -1.44 -0.45
2028 0.80 •0.54 1.55 •0.63 0.80 -2.18
178S •0.06 -0.58 1.63 •0.16 •0.36 -0.04
1087 0.11 -0.88 -1.74 -1.24 -2.88 -1.0B
1846 0.44 -0.78 1.68 -0.41 0.11 -2.37
2023 -0.28 -0.33 1.72 -0.10 -0.35 0.11
205G -0.23 -0.46 -1.48 -1.17 -3.22 -1.60
2055 0.60 •0.66 0.06 -1.01 -2.23 -0.52
1230 0.24 -0.60 1.72 -0.52 0.03 -0.72
1047 •0.08 -0.72 -0.27 •0.60 -1.75 -0.71
1472 0.41 -0.37 2.10 -0.31 0.85 -1.58
1538 •0.16 -0.30 1.78 •0.21 -0.01 0.06
1456 0.51 •0.66 1.48 •0.28 0.85 -1.84
2035 -0.01 •0.14 1.85 -0,18 -0.04 0.01
1557 0.32 -0.38 1.03 -0.27 0.61 •0.58
155G -0.42 -0.22 1.62 •0.08 -0.27 -0.41
1074 0.73 -0.36 1.5^ -0.42 0.14 -0.01
1224 0.06 -0.17 2.00 -0.28 -0.27 0.81
1045 •0.34 -0.44 1.48 -0.23 -1.26 •0.15
1300 0.47 -0.07 0.70 -0.60 -0.48 -3.06
2007 •0.35 -0.34 1.30 •0.20 •0.08 -0.50
1840 -0.20 -0.58 1.12 -0.35 -1.11 -0.68
1564 0.28 -0.63 1.20 -0.27 0.66 -2.06
1458 •0.16 -0.58 1.73 -0.10 -0.11 0.02
1044 •0.12 -0.44 1.11 -0.55 -0.68 -0.08
1082 -0.01 •0.20 1.57 -0.12 •0.13 0.36
1836 •0.26 -0.55 1.27 0.21 -0.35 -0.58
1477 0.05 -0.44 1.05 -0.14 -0.11 0.33
1569 -0.26 -0.32 1.40 -0.22 0.40 0.08
1556 -0.18 -0.38 1.87 0.03 0.41 0.03
1841 0.33 -0.62 0.73 -0.57 -0.64 -0.20
1800 -0.21 -0.73 1.06 -0.53 -1.41 -0.10
1887 -0.30 -0.78 0.13 -0.54 •1.38 -0.05
1658 •0.16 -0.33 1.67 -0.32 0.85 -0.63
1889 -0.46 -0.82 0.68 -0.28 -1.62 -0.12
2011 -0.42 -0.20 1.83 -0.13 0.08 0.22
1640 -0.48 -0.50 0.07 -0.07 0.31 -0.41
1884 -o.7q -0.23 1.01 -0.12 -0.20 0.16
1657 -0.85 -0.18 1.30 -0.17 -0.05 -0.28
1656 -0.67 -0.26 1.85 0.20 -0.23 0.53
1240 •0.60 -0.47 0.83 -0.37 -0.78 0.18
1887 0.05 -0.34 1.74 •0.44 0.17 0.00
2005 -0.63 -0.03 1.30 0.02 0.23 0.62
107! -0.50 -0.40 0.71 -0.18 0.54 0.87
1407 -0.05 -0.30 0.84 0.23 0.43 0.37
1077 -0.53 -0.3B 0.85 •0.16 •0.56 0.27
1804 •0.04 -0.30 1.03 0.01 -0.26 -0.34
1805 -0.47 •0.48 0.82 -0.28 -1.48 0.34
1852 •0.87 -0.40 1.24 0.34 0.23 0.68
1660 •0.02 -0.11 1.31 0.08 0.21 0.08
1746 -0.83 -0.31 1.17 0.07 0.06 0.17
2026 -0.72 -0.58 0.33 -0.08 -0.55 •1.35
2052 0.40 -0.00 -2.03 -1.00 -2.88 -0.62
1076 -0.38 -0.44 0.08 0.08 0.62 1.01
2043 •0.02 -0.41 0.86 0.41 -0.23 0.64
2048 -0.21 -0.70 0.55 -0.48 •1.85 -0.35
1862 -0.64 -0.45 0.68 -0.04 •0.65 0.17
Sam ple Factor 1 Factor 2 Factor 3 Factor 4 Factor S Factor 6
1653 -0.36 •0.47 1.48 0.08 0.29 -2.34
1656 -0.72 -0.30 1.43 0.18 •0.23 0.15
1663 -0.84 •0.30 0.00 0.20 0.05 0.05
203C -0.61 •0.60 0.30 0.15 -0.17 0.27
2003 -1.13 -0.14 0.24 0.23 •0.25 0.25
1672 -1.03 -0.36 0.75 0.38 0.16 0.40
2022 •0.03 •0.18 0.65 0.06 0.26 0.11
1451 -0.85 •0.31 1.00 •0.04 0.11 0.37
1264 -0.84 -0.37 0.73 -0.05 0.30 0.80
163E -1.20 -0.24 0.77 0.08 •0.16 0.13
1660 -1.10 -0.26 0.72 0.33 -0.21 0.81
1667 -1.25 -0.24 0.61 0.1 S 0.24 •0.10
1647 -0.01 -0.30 0.11 0,06 -0.22 0.29
1504 -0.04 -0.20 0.33 0.07 -0.88 - 0.38
1832 -1.02 -0.50 -0.20 0.16 •0.20 0.71
1448 -1.12 -0.24 1.15 0.06 0.26 0.52
2021 • 1.06 -0.2^ 0.83 0.12 0.65 0.22
1746 -1.12 -0.30 0.50 0.22 -0.10 0.58
2003 -0.73 0.20 0.12 0.33 •0.18 0.91
2050 -1.12 -0.86 -1.30 0.13 -1.31 0.14
1508 •1.02 -0.30 0.36 0.46 •0.23 0.54
1005 -1.10 -0.23 0.88 0.07 0.18 0.16
1034 -0.07 -0.50 -0.12 0.06 -0.82 0.31
1744 -1.20 -0.20 0.05 0.32 -0.44 0.61
1760 •1.35 •0.26 -0.11 0.21 0.21 0.64
1604 -0.02 -0.60 •0.13 0.12 0.11 -0.30
1033 • 1.38 •0.38 0.07 0.40 -0.50 0.66
2001 -1.12 -0.47 -0.60 -0.15 1.14 0.37
2032 -1.16 -0.33 •0.15 0.07 •0.44 0,17
1607 •1.05 •0.66 •0.50 0.22 0.62 •1.54
1600 • 1.06 -0.31 0.10 0.05 0.71 0.62
1314 •0.80 -0.32 0.00 0.39 -0.47 1.42
1627 -1.37 •0.35 -0.38 0.20 0.05 0.21
1301 -0.60 •0.56 0.26 0.23 -0.29 0.94
2002 -1.10 •0.51 -0.72 0.19 •0.12 0.70
2040 -1.10 -0.56 -0.73 0.06 -0.15 0.17
161C -0.87 -0.43 0.37 0.04 -0.14 1.06
2034 -1.20 -0.30 -0.27 0.13 -0.44 0.66
1610 -0.76 -0.56 0.43 0.02 0.48 0.70
1507 -1.12 •0.54 -0.22 0.27 0.02 -0.16
2013 • 1.04 -0.37 -0.11 0.00 0.84 0.11
1608 -1.17 -0.25 •0.68 0.08 1.03 0.31
1003 -1.32 -0.36 -0.35 0.09 0.34 0.32
1500 •1.12 -0.30 -0.56 0.10 -0.04 0.42
1606 -1.16, -0.40 -0.04 0.19 0.31 0.26
1446 -1.27 •0.15 0.17 0.05 0.29 0.64
1673 -1.07 •0.62 -0.81 0.25 -0.52 0.51
2024 -1.12 -0.53 •0.46 0.06 0.31 0.52
1628 -1.10 -0.25 -0.35 0.04 1.08 0.67
1600 -1.00 -0.50 -0.73 0.13 0.63 0.71
2036 -1.10 -0.37 -0.33 -0.03 0.66 0.69
1612 -1.04 -0.40 -0.01 -0.12 0.86 0.37
1610 -0.08 -0.44 0.15 0.19 0.12 0.42
2025 -0.00 -0.68 •0.05 0.32 0.19 -0.72
1326 -1.16 -0.56 -0.27 0.28 -1,33 1.21
1602| -1.11 •0.64 -1.46 0.07 0.29 0.39
1563 -1.05 -0.63 ■0.70 0.12 0.05 0.76
2040 •0.06 -0.56 0.05 -0.05 -1.43 0.11
1086 •1.22 -0.53 -0.70 0.26 -0.04 0.56
2033 -1.26 -0.34 -0.56 0.32 -0.09 0.21
1600 -1.35 -0.52 •0.64 0.36 -0.05 0.31
1560 -1.10 -0.46 -0.03 0.07 0.44 0.80
1088 -1.27 -0.45 -1.11 0.15 0.56 0.63
1330 -1.05 -0.67 -1.10 -0.13 -1.04 0.73
Sa m p le Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
1334 -0.76 •0.20 •0.03 -0.47 •1.60 0.26
1001 •0.06 -0.35 -0.57 -0.33 1.43 0.60
1337 •0.62 -0.78 -0.07 0.00 0.04 0.72
1040 -1.06 •0.55 -1.35 -0.04 0.81 0.83
102S -1.00 •0.55 •1.00 -0.06 •0.22 •0.51
2042 •1.21 •0.50 -1.00 0.18 0.26 0.60
1753 -0.06 -0.51 -0.66 -0.04 0.12 -0.11
2035 • 1.04 -0.36 -1.20 -0.30 1.01 -0.10
1024 • 1.09 -0.47 -1.21 -0.26 1.01 0.23
1352 -1.00 -0.66 -1.03 0.20 0.65 1.18
1343 -0.06 -0.40 -1.02 0.06 0.06 0.56
2041 • 1.08 -0.37 -1.27 •0.13 0.15 0.00
1372 -0.04 -0.74 -1.20 0.02 0.26 0.57
1351 -1.16 -0.64 -1.37 -0.06 0.60 0.72
1373 •0.07 -0.55 -1.32 0.13 0.38 0.73
1374 -0.01 •0.62 -1.00 -0.22 0.19 •0.21
1355 -1.03 -0.B1 -1.26 -0.06 0.31 0.13
2045 •0.06 -0.77 -1.00 0.20 0.05 0.15
1353 -0.03 -0.60 -0.66 -0.20 0.03 0.70
1032 -0.00 •0.43 -0.88 -0.44 1.14 0.13
1345 -1.10 -0.72 -1.54 -0.03 -0.11 0.20
1371 -1.05 -0.75 -1.2S 0.33 0.55 0.06
1036 -1.01 -0.61 -1.47 •0.41 0.45 -0.07
1360 •0.03 •0.67 -1.46 -0.32 0.80 0.06
1361 -0.63 •0.58 -1.35 -0.42 2.00 0.67
1362 -0.04 -0.56 -1.24 -0.27 1.50 0.87
1265 -0.10 -0.40 • 1.42 •1.53 5.01 -0.50
1261 -0.37 -0.41 • 1.44 •1.25 3.68 -0.05
1270 -0.43 -0.47 -1.45 -1.06 3.64 -0.81
1676 -0.87 -0.60 -1.41 -0.14 0.64 0.50
1564 0.02 -0.12 -0.01 -1.76 4.03 -1.71
1274 -0.46 -0.46 -1.52 -1.20 3.70 -0.67
Late Pleistocene presence /  absence factor analysis
Sam ple Factor 1 Factor 2 Factor 3 Factor 4
1574 3.068 •0.053 -0.402 0.847
1573 2.105 O.OOC -1.178 •2.086
2015 2.664 -0.162 -1.66C -2.111
1536 2.231 0.046 -0.240 -2.701
1410 2.675 0.106 •0.316 0.0472010 1.348 0.500 0.610 0.546
1846 1.188 0.142 2.016 -2.278
2023 2.157 0.814 -0.789 1.216
1557 1.784 1.038 1.159 3.108
1550 2.254 0.029 1.243 2.651
1450 -0.330 1.707 0.852 -o.eee
1636 0.200 0.607 2.516 -0.477
2011 •0.133 1.501 -0.262 1.318
1640 •0.851 1.621 -0.640 •0.423
1657 -0.733 1.739 •1.233 -0.153
1407 -0.440 1.525 -0.435 1.013
1660 -0.515 1.203 -1.472 •0.564
1746 -0.624 1.312 -1.068 -0.345
2026 -0.638 0.605 2.151 -0.653
1862 -0.373 1.168 0.685 -0.211
2030 -0.857 1.105 0.551 -0.612
2022 -0.776 0.281 1.800 •1.264
1451 •0.815 1.61C -0.012 •0.309
1635 -0.371 0.343 -0.361 0.003
1680 -0.642 0.003 -0.142 0.374
1667 •0.463 -0.233, -0.813 0.441
1647 •0.609 1.853 -0.068 -0.157
1504 *0.677 1.100 -0.08C 0.207
1630 -0.530 0.358 -0.540 0.567
1448 •0.004 0.006 0.820 -1.136
2021 •0.400 0.641 -0.407 0.410
1745 -0.681 0.147 -0.022 •0.009
1744 -0.601 •0.044 0.422 0.267
1760 -0.307 -0.246 -0.248 •0.218
1864 -0.666 0.120 0.681 -0.256
1627 -0.325 -0.875 -1.004 -0.210
2000 -0.243 -0.848 -1.060 0.330
1610 -0.185 -0.447 -0.707 0.760
1507 -0.313 -0.645 0.026 0.B12
2013 -0.368 -0.257 0.208 0.236
1003 -0.477 -0.048 •0.514 -0.344
1500 -0.339 -1.014 •1.464 0.020
1605 •0.519 -0.700 0.264 •0.257
1445 •0.573 -0.478 -0.504 -0.326
2024 •0.164 -0.648 -0.446 0.675
1626 -0.561 •0.860 -1.007 -0.853
1600 -0.217 -1.157 -0.553 0.107
1612 -0.267 •1.084 -0.406 0.315
2025 -0.563 -0.552 0.700 -0.207
1602 •0.202 •1.100 •0.486 0.032
1563 -0.001 -0.844 -1.367 0.264
1085 -0.309 •1.330 0.157 0.183
2033 -0.089 •1.213 0.778 0.571
1600 -0.264 -0.854 -0.204 0.600
1580 ■0.171 -1.073 0,736 0.521
1001 -0.47Q -0.017 0.469 -0.313
1753 -0.026 -1.200 -0.325 0.357
1268 0.047 -1.383 -0.012 O.SB2
1281 -0.160 •1.324 1.127 -0.112
1270 0.015 -1.300 1.648 0.312
1578 -0.080 -1.530 1.585 0.120
Combined Recent + Late Pleistocene presence / absence factor analysis
Sam ple Factor 1 Factor 2 Faetor 3 Factor 4 Factor 5 Factor b
Recent
1714 2.308 -1.143 -0.1 B2 •0.067 -0.550 •3.308
1715 2.074 -0.887 •0.316 0.300 •0.166 -3.570
1716 2.006 •0.756 -0.477 0.053 •0.225 -3.288
1718 2.224 -1.000 -0.246 0.223 0.006 -3.706
1718 2.305 -0.035 -0.383 -0.161 -0.105 -2.172
1142 2.864 -0.448 -0.471 •0.682 -0.200 -0.285
1138 2.877 -0.675 -0.378 •0.604 -0.401 0.380
1140 2.841 -0.576 •0.312 -0.840 -0.644 -0.072
1134 2.60B -0.357 0.003 -0.636 -0.361 0.737
1135 3.007 •0.602 0.108 -0.BB4 -0.446 0.706
1015 2.006 -0.431 -0.202 -0.270 -0.046 -0.004
1137 2.001 -0.545 0.100 -0.857 -0.304 0.376
1708 2.110 -0.715 •0.305 0.335 0.105i -3.166
1710 2.152 -0.878 •0.105 -0.110 0.078 -2.351
1008 3.121 -0.520 •0.788 -0.662 -0.356 0.747
1712 2.080 -0.562 -0.204 0.242 0.223 -2.700
1002 3.063 -0.502 0.350 -0.703 -0.235 0.683
1007 3.364 -0.744 0.654 •0.408 -0.563 1.178
1708 1.875 •1.222 •0.258 1.365 -0.601 •3.808
1005 2.050 -0.414 0.663 -0.642 -0.146 0.043
1006 2.652 -0.413 0.127 -0.514 -0.505 0.110
1004 2.540 •0.307 0.003 •0.202 -0.226 0.240
10101 3.136 •0.162 0.563 •0.015 0.340 0.130
1003 2.005 •0.235 0.157 •0.820 •0.174 -0.038
1004 2.445 -0.082 •0.112 -1.230 -0.370 0.267
1177 2.672 -0.018 0.203 -0.751 0.007 1.058
1002 2.346 0.010 -0.252 -1.302 -0.362 0.040
1186 2.723 0.1671 0.205 •0.636 -0.014 0.622
1005 2.137 0.180 -0.261 -1.151 •0.504 -0.100
1145 2.454 0.264 0.348 -0.560 -0.125 1.302
1158 2.645 0.161 0.364 -0.730 0.550 0.350
1102 2.400 0.128 0.175 -0.340 0.032 0.868
1178 2.417 0.242 0.363 -1.083 0.041 0.600
1183 2.034 0.278 0.314 -0.831 -0.250 1.241
1006 2.337 -0.072 0.046 -0.004 -0.406 0.068
1180 2.241 0.443 0.171 -0.348 -0.114 1.461
1512 2.020 0.771 -0.214 -0.537 0.272 0.073
1508 1.660 0.001 -0.622 1.563 1.006 0.537
1506 2.485 -1.276 0.538 3.112 -1.038 -1.200
1515 2.504 0.760 -0.010 -0.678 0.344 1.607
1700 0.324 2.225 -1.001 0.483 0.620 0.530
1517 2.507 0.374 0.170 •0.350 0.311 1.022
1017 1.070 0.050 -0.631 •0.622 •0.160 1.003
1206 0.374 0.152 0.225 7.732 •0.520 -0.530
1534 0.043 1.465 -0.542 -0.001 0.205 0.658
1878 0.000 1.300 -0.582 0.226 0.374 1.171
1702 1.142 1.444 -1.038 0.045 0.200 0.554
1024 0.781 1.526 •0.554 2.478 0.375 1.806
1027 1.106 0.643 •0.075 3.625 •0.387 1.368
1705 1.345 1.612 •0.458 0.002 0.420 0.726
1740 0.623 1.002 -1.017 0.615 0.200 -1.062
1528 0.704 0.802 -0.518 2.552 0.382 -0.760
1878 -0.063 1.8471 -1.042 •0.104 •0.520 0.723
1022 0.804 0.687 •0.553 2.421 0.206 -2.141
1701 0.624 2.134 •0.806 -0.186 0.507 1.420
1703 0.718 1.206 -0,147 2.247 0.388 -1.714
1050 0.205 2.040 -1.067 •0.000 -0.445 0.438
1743 0.704 1.654 -0.040 -0.222 0.010 0.006
1762 0.540 2.118 -0.613 -0.183 0.124 1.003
18B0 0.508 0.604 -1.005 2.260 0.014 -3.277
1701 0.843 1.661 -0.457 -0.414 -0.472 1.430
1061 0.307 0.815 •1.306 -1.081 -1.728 -0.275
1702 0.416 1.836 •0.850 1.202 0.446 0.308
1541 0.56B -0.861 -0.464 3.452 -0.002 -3.544
Sam pla Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
1694 0.103 2.256 -0.885 0.160 0.518 1.087
1606 0.504 1.765 -0.726 0.847 0.508 0.270
2030 -0.416 2.003 -0.070 •0.809 -1.080 0.718
1020 •0.160 0.670 -0.402 4.120 •0.706 •0.205
1764 0.277 1.7B3 •0.566 -0.578 -0.357 0.406
1607 -0.040 1.264 •0.775 0.128 •0.108 -0.428
1763 -0.301 2.104 •0.416 -0.272 -0.023 0.585
1206 1.060 -0.222 0.574 6.003 -0.703 •0.181
1687 0.077 2.400 -1.072 0.103 0.508 0.546
1704 0.713 1.565 •0.110 -0.411 -0.003 1.242
1034 -0.414 2.204 •0.684 2.212 -0.103 0.074
1504 -0.328 2.305 •0.604 1.417 0.268 0.567
1062 -0.314 0.687 -1.004 •1.464 -2.506 , 0.100
1036 -0.103 1.008 0.438 6.360 •0.431 0.602
1046 -0.306 2.007 -0.001 0.746 0.244 •0.700
10S0 0.153 1.047 -0.060 -0.562 -0.157 1.425
1700 -0.826 2,030 •0.332 •0.100 -0.471 0.302
1204 •0.050 1.886 0.110 1.657 -0.230 1.244
20101 0.204 1.704 -0.456 2.528 0.513 -0.331
1206 0.276 1.663 0.461 2.364 -0.096 2.032
1063 0.127 •0.265 •1.283 -0.040 •2.203 -2.754
1546 •0.401 1.876 •0.663 0.006 -0.062 •0.214
157a •0.407 2.009 -0.382 -0.279 -0.305 0.260
1576 0.322 1.671 -1.060 0.121 0.526 -1.383
1626 -0.070 1.510 0.030 -0.502 -0.441 0.513
1436 •0.725 2.245 •0.700 -0.412 -0.226 0.031
2031 •0.102 1.220 -0.454 1.048 0.497 •0.778
1760 -0.627 1.834 •0.263 •0.150 -0.264 0.260
1540 -0.422 2.026 •0.512 0.737 -0.008 0.336
2027] -0.425 1.734 0.071 -0.175 -0.001 0.645
1724 -0.640 2.087 -0.576 •0.465 -0.240 •0.031
2020 •0.574 1.542 -1.140 0.853 0.343 -3.580
2044 -0.620 1.357 •0.377 -0.641 -1.180 0.215
1202 -0.057 2.000 •0.385 0.277 -0.324 1.440
1054 -0.550 1.383 -0.739 -1.457 -1.821 -0.364
1113 -0.253 1.600 0.121 -0.005 -0.730 0.029
2026 -0.354 1.387 0.266 1.040 •0.286 0.271
1766 -0.833 1.731 0,417 -0.016 0.030 -0.586
1817 -0.815 1.375 0.346 -0.370 0.159 -0.881
1064 -0.660 1.564 0.321 -0.525 -0.371 -0.347
2018 -0.726 1.055 •0.200 -0.171 0.085 0.025
1731 -0.160 1.857 0.276 -0.206 -0.154 0.766
1040 •0.606 0.839 -0.884 -1.562 -2.009 •0.668
1848 -0.786 0.350 1.504 -0.159 -0.040 -0.772
1073 -0.154 0.401 -0.707 -1.522 -2.614 -0.007
1816 -0.433 0.076 0.887 -0.673 -0.263 0.015
1574 -0.406 1.348 0.725 -0.430 0.150 -0.120
1778 -0.020 1.180 0.065 -0.619 -0.274 -0.701
141 i •0.400 1.375 •0.413 0.21^ 0.548 -3.342
1406 -0.637 1.171 1.160 0.092 0.166 •0.166
1721 -0.705 0.064 0.095 -0.556 0.030 -0.180
1127 -0.400 1.113 1.317 -0.611 -0.162 -0.379
1573 -0.308 1.314 1.169 •0.559 0.286 0.265
1530 •0.576 1.329 1.573 •0.674 0.482 •0.321
2016 •0.301 0.753 0.922 -0.388 0.578 -0.806
2017 •0.321 1.472 1.023 -0.240 0.627 -0.900
1226 •0.640 0.037 1.643 -0.294 0.033 0.117
1536 -0.751 1.543 0.731 -0.723 •0.426 •0.317
1070 •0.420 1.549 1,042 0.405 0.686 0.463
1568 -0.628 1.689 0.593 -0.567 0.695 -1.192
1400 -0.426 0.876 1.204 -0.381 -0.006 0.189
2054 •0.264 0.028 -0.679 •1.312 •1.909 -0.005
1071 •0.455 1.043 1.503 0.273 0.682 0.053
2010 •0.566 0.776 1.444 -0.753 -0.240 -0.693
Sam ola Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
1403 -0.331 0.666 1.255 -0.501 -0.030 -0.103
1466 •0.454 0.527 1.737 -0.630 0.580 0.834
1053 •0.530 0.150 •0.304 -1.183 -1.654 •1.112
1537 •0.302 0.473 1.530 -0.302 -0.064 0.238
1B39 -0.267 0.226 1.732 0.028 0.666 0.101
1063 -0.547 •0.055 -0.605 •1.200 -2.174 -2.265
1631 -0.640 1.262 0.048 •0.013 -0.551 -0.227
2037 -0.347 0.095 1.048 -0.864 -0.251 -0.606
2028 •0.686 0.874 1.244 -0.527 0.681 -2.364
1766 -0.650 •0.266 1.651 •0.021 -0.370 0.134
1067 -0.112 •0.088 -0.720 -1.400 -2.103 -1.086
1646 -0.005 0.437 1.806 -0.408 0.387 -2.615
2023 -0.350 -0.200 1.880 -0.180 0.650 •0.072
2056 0.051 -0.460 -0.518 •1.500 -2.403 -1.723
205S -0.342 0.401 0.757 •1.165 •1.610 -0.588
1230 -0.665 -0.217 1.750 •0.485 0.363 -0.822
1047 -0.458 •0.368 0.267 -0.503 -1.560 -0.551
1473 -0.611 0.611 1.707 -0.378 1.207 -2.004
1538 -0.362 -0.027 1.844 -0.204 0.000 -0.167
1458 -0.781 0.400 1.248 -0.106 0.641 -1.880
2038 •0.244 0.010 1.822 •0.225 0.517 -0.147
1557 0.571 0.380 1.710 •0.250 0.721 -0.775
1550 •0.206 -0.561 1.640 0.023 0.065 -0.313
1074 -0.455 0.600 1.448 -0.342 -0.242 0.028
1224 -0.240 0.103 2.061 •0.364 0.327 0.815
1045{ •0.380 -0.470 1.647 -0.259 •0.443 -0.165
1300 -0.001 0.338 0.007 -0.533 -0.407 -3.173
2007 -0.430 -0.436 1.343 -0.106 0.113 -0.478
1840 •0.402 -0.211 1.443 •0.453 -0.131 -0.777
1564 •0.683 0.223 1.103 •0.080 0.417 -1.076
1450 •0.657 -0.072 1.765 -0.160 0.618 -0.177
1044 •0.404 •0.208 1.320 -0.641 •0.221 -0.007
1082 -0.222 0.181 1.630 -0.274 0.808 0.074
1638 -0.605 -0.206 1.261 0.230 0.246 -0.6B0
1477 •0.547 •0.048 1.052 -0.048 0.121 0.350
1565 •0.428 -0.076 1.376 -0.307 1.003 -0.124
1556 -0.551 -0.060 1.688 -0.001 0.807 •0.156
1641 -0.480 -0.037 0.821 •0.343 -1.186 0.165
100C -0.560 -0.408 1.553 -0.408 •0.674 -0.013
1867 -0.612 -0.173 0.688 -0.768 -0.004 -0.211
1656 -0.485 -0.100 1.438 -0.187 1.140 -0.707
1885 -0.645 -0.573 1.133 •0.336 -0.723 -0.050
2011 -0.320 •0.483 1.750 -0.036 0.431 0.265
1640 -0.551 •0.370 0.858 -0.051 0.702 -0.480
1884 •0.115 -0.614 1.270 •0.080 0.701 0.170
1657 -0.216 -0.766 1.468 •0.101 0.701 -0.447
1656 -0.320 -0.536 1.070 0.250 0.627 0.450
1240 -0.435 -0.624 1.042 -0.403 -0.130 0.226
1807 -0.476 -0.123 1.646 -0.201 -0.017 0.106
2005 •0.034 •0.508 1.335 0.113 0.760 0.701
1075 -0.373 -0.468 0.604 -0.011 0.666 1.146
1407 -0.240 -0.633 0.893 0.163 1.552 0.267
1077 -0.208 •0.520 1.038 -0.170 0.126 0.321
1804 -0.284 •0.015 1.155 0.041 0.474 -0.389
1805 -0.207 -0.362 1.380 -0.534 0.000 0.176
1852 •0.308 -0.648 1.308 0.320 1.254 0.631
1660 •0.146 -0.741 1.301 0.032 1.128 -0.006
1746 -0.345 -0.735 1.158 0.083 0.702 0.151
2026 -0.542 -0.681 0.367 -0.109 -0.005 -1.420
2052 •0.383 0.261 -0.077 -1.270 -2.312 •0.601
1076 •0.340 0.144 1.068 •0.131 2.084 0.742
2043 -0.346 -0.824 1.071 0.442 0.614 0.712
2048 •0.530 -0.376 1.222 -0.527 -0.086 -0.285
1862 •0.350 -0.726 0.037 0.044 -0.186 0.341
Sam pta Faetor 1 Factor 2 Factor 3 Factor 4 Factor 6 Factor 6
16S3 0.543 -0.365 1.501 0.232 0.717 -2.575
165E •0,363 •0.700 1.303 0.263 0.125 0.257
1663 -0.318 -0.545 1.030 0.033 1.146 -0.226
2030 -0.475 •0.503 0.446 -0.013 0.867 0.175
2003 -0.034 -0.003 0.305 0.12C 0.755 0.111
1672 -0.200 -0.681 0.801 0.240 1.456 0.255
2023 -0.135 •0.655 0.601 -0.025 1.252 -0.030
1451 -0.273 -0.530 1.103 -0.100 1.346 0.153
1264 •0.284 -0.663 0.B66 -0.020 1.134 0.672
1635 -0.221 -1.008 0.824 -0.031 0.768 -0.026
1660 -0.231 -0.060 0.B03 0.304 0.563 0.603
1667 -0.226 •0.830 0.877 -0.028 1.666 -0.488
1647 -0.250 •0.576 0.268 -0.146 0.648 0.124
1504 -0.110 •0.007 0.713 0.085 -0.115 0.581
1630 •0.355 •0.786 -0.101 0.07C 0.567 0.741
1448 -0.310 •0.746 1.065 -0.141 1.446 0.162
2021 -0.243 -0.564 0.730 •0.114 1.685 -0.160
1745 •0.270 •0.004 0.541 0.126 0.748 0.533
2003 0.202 -0.538 0.117 0.235 0.436 0.600
2050 •0.404 -0.855 •0.004 -0.113 -0.157 0.135
1506 •0.354 •1.040 0.350 0.584 •0.041 0.817
1005 -0.223 •0.837 0.023 -0.010 1.236 0.04C
1034 -0.434 -0.820 0.121 •0.080 0.027 0.305
1744 -0.170 -1.021 0.210 0.155 0.670 0.553
1760 -0.070 -0.865 0.002 0.003 1.718 0.662
1864 -0.507 -0.650 -0.116 0.221 0.316 -0.187
1033 -0.266 -1.068 0.107 0.161 0.725 0.580
2001 -0.360 -0.664 -0.774 -0.172 1.622 0.168
2032 -0.103 -0.875 -0.005 -0.116 0.623 0.033
1607 •0.537 -0.830 -0.535 0.328 0.676 -1.457
1606 -0.271 -0.614 0.056 -0.106 1.621 0.376
1314 -0.160 -0.767 0.104 0.321 0.136 1.526
1627 -0.200 -0.885 -0.276 -0.06C 1.360 -0.058
1301 -0.471 -0.400 0.350 0.121 0.385 0.636
2000 -0.308 -0.6471 -0.550 -0.068 0.664 0.507
2040 -0.402 -0.864 -0.651 -0.104 0.565 0.108
1810 -0.331 -0.603 0.486 -0.02C 0.600 1.123
2034 -0.178 -0.075 -0.176 -0.025 0.340 0.644
161fll -0.580 -0.627 0.316 0.072 0.561 0.736
1507 -0.427 -0.630 -0.124 0.160 0.826 -0.256
2013 -0.288 -0.710 -0.201 0.001 1.424 0.066
1608 -0.108 -0.681 -0.604 0.005 1.634 0.133
1003 -0.281 -0.870 •0.382 -0.112 1.215 0.054
1500 •0.235 -0.011 -0.462 0.056 0.484 0.485
1605 -0.222 •0.728 -0.013 0.045 1.144 0.164
1445 -0.076 -0.075 0.146 -0.055 1.128 0.520
1673 •0.453 -0.031 •0.660 0.187 -0.161 0.673
2024 •0.363 •0.630 -0.345 -0.136 1.466 0.342
1626 -0.216 -0.708 -0.586 0.035 1.485 0.580
1600 -0.407 -0.737 -0.852 0.065 0.657 0.667
2036 -0.204 -0.757 -0.470 -0.067 1.164 0.663
1612 •0.276 -0.615 -1.001 -0.214 1.346 0.230
1610 -0.524 -1.114 -0.130 0.402 -0.521 0.773
2025 -0.508 -0.026 -0.000 0.456 0.353 -0.543
1326 •0.317 -1.030 0.102 0.108 -0.280 1.285
1602 •0.420 -0.640 -1.420 -0.127 0.622 0.223
1663 -0.443 -0.577 -0.576 •0.156 1.046 0.500
2040 -0.333 -0.008 0.522 •0.074 -0.466 0.256
1065 •0.380 -0.663 -0.632 0.111 0.736 0.488
2033 •0.250 •0.010 -0.542 0.160 0.667 0.071
1600 -0.325 -0.031 -0.712 0.176 0.686 0.106
1560 -0.253 -0.461 •0.815 -0.252 1.726 0.463
1068 -0.284 -0.872 -1.175 0.087 1.078 0.622
1330 -0.376 -1.014 -0.847 -0.171 -0.632 0.063
Sam ple Factor 1 Factor 2 Factor 3 Factor 4 Factor 6 Factor 8
1334 0.172 •0.625 •0.339 •0.786 -0.476 0.121
19B1 -0.307 •0.626 •0.840 -0.274 1.402 0.626
1337 -0.700 -0.270 •1.221 0.087 0.826 0.761
104! -0.362 -0.651 -1.433 •0.104 1.116 0.800
192! -0.408 -0.717 -1.104 •0.230 0.280 -0.660
2042 •0.384 •0.730 •0.006 -0.016 1.104 0.542
1763 -0.417 -0.755 -0.713 -0.084 0.332 -0.103
2033 •0.180 -0.530 -1.269 •0.528 '  1.630 -0.310
1024 -0.343 •0.740 -1.410 •0.213 1.032 0.232
1352 -0.473 •0.414 •1.016 -0.100 1,728 0.807
1343 -0.314 -0.460 -1.003 -0.033 1.614 0.415
2041 -0.217 -0.811 -1.201 •0.206 0.366 -0.051
1372 -0.551 -0.637 -1.330 •0.024 0.464 0.652
1351 -0.381 -0.565 -1.256 -0.278 1.603 0.533
1373 -0.415 -0.686 • 1.335 0.102 0.420 0.830
1374 -0.467 -0.710 •1.133 •0.223 0.267 -0.167
138! -0.558 •0.560 -1.143 -0.228 1.153 •0.010
204! -0.505 -0.647 -1.053 0.006 0.466 0.002
1353 -0.441 -0.560 -0.038 -0.208 1.262 0.713
1032 -0.357 -0.600 -1.122 -0.383 1.043 0.088
1342 -0.470 -0.703 -1.430 -0.132 0.337 0.229
1371 -0.622 •0.630 -1.413 0.260 0.860 0.025
103! -0.347 •0.478 •1.414 -0.637 1.314 -0.324
1360 •0.484 -0.553 •1.584 •0.340 1.025 0.047
1361 -0.465 -0.305 -1.700 •0.402 1.016 0.573
1362 •0.464 -0.436 -1.447 -0.307 1.622 0.742
1268 -0.605 0.200 •2.630 -1.014 2.738 •0.642
1281 •0.403 0.153 -2.318 -1.021 2.574 -1.136
1270 -0.483 0.222 -2.177 -0.05C 2.087 -1.145
157! -0.565 -0.643 -1.623 •0.080 0.320 0.754
1584 •0.380 0.341 -2.148 -1.261 2.750 -1.862
1274 -0.404 0.160 -2.308 -1.038 2.868 •0.007
1574 -0.724 1.001 -0.153 -0.227 -0.601 •0.205
1573 •0.557 1.083 0.166 -0.338 -0.626 •0.010
Plelst.
201! •0.334 1.636 -0.380 -0.600 -0.083 0.532
153! -0.030 1.511 -0.080 -0.422! -1.153 -0.084
1412 -0.661 1.737 •0.060 •0.054 -0.805 0.514
2010 •0.800 0.438 0.443 •0.475 -0.853 -0.642
1846 -0.861 0.660 -0.018 -1.147 -1.553 -1.674
2023 -0.634 0.064 0.038 -0.628 -0.727 -0.171
1557 -0.685 0.372 0.070 -0.333 •0.812 0.113
1550 -0.681 0.608 0.025 -0.580 -1.148 0.070
1452 -0.371 -0.721 1.230 0.070 -1.882 0.617
1836 -0.674 -0.303 0.255 0.230 -2.112 •0.346
2011 •0.573 -1.025 1.114 0.081 -1.860 0.456
1640 -0.638 -1.053 1.107 1.300 -1.804 0.810
1657 -0.476 -1.020 1.264 0.400 -1.387 1.000
1407 •0.543 -0.034 0.058 0.488 -1.303 0.701
1662 -0.377 -0.657 1.024 0.800 -1.003 0.302
1746 -0.480 -0.874 0.701 0.54! -1.597 1.053
202! •0.661 -0.682 0,069 -0.167 -1.761 0.183
1862 -0.382 •0.605 0.647 0.028 -1.315 0.678
2030 -0.626 •0.054 0.427 0.207 -1.557 -0.204
2022 -0.608 -1.007 -0.252 -0.307 -2.407 0.544
1451 •0.433 -1.021 1.204 0.271 -1.463 0.628
163! -0.823 -0.866 -0.313 0.543 -1.570 0.072
1680 -0.572 •0.800 0.635 0.205 -0.657 0.782
1667 -0.533 •1.034 -0.732 0.475 -1.104 0.404
1647 •0.633 -0.885 1.100 0.241 -1.823 0.761
1504 •0.562 •0.803 0.702 0.320 -0.776 0.510
1632 -0.460 •1.081 •0.074 0.302 -1.134 0.982
144! -0.500 -0.054 0.40B 0.107 -1.807 0.522
2021 -0.663 -0.881 0.140 0.362 -1.636 0.643
Sam cla Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
1748 ■0.141 • 1.407 -0.248 0.560 -1.469 1.124
1744 -0.684 -1.346 -0.457 0.524 •1.556 0.680
1760 -0.732 -0.787 -0.472 0.095 -1.154 0.771
1664 •0.661 -0.901 •0.210 0.242 -1.296 0.157
1627 •0.648 -0.878 •1.424 0.215 -0.664 0.229
2008 •0.661 -0.867 -1.320 0.536 -0.934 0.550
1618 •0.678 -0.852 -0.958 0.207 •0.666 0.357
1697 -0.528 -1.301 -0.645 0.306 -1.518 0.855
2013 •0.646 -0.992 -0.644 0.062 •1.426 0.421
1993 -0.618 •0.962 •1.252 0.245 -0.971 -0.363
1S98 •0.574 •1.042 •1.322 0.356 -0.905 0.858
1605 •0.754 -0.951 •0.940 0.048 •1.161 0.336
1445 •0.677 -0.987 -0.990 0.177 -1.064 0.821
2024 -0.598 -1.046 -0.664 0.256 -1.290 0.695
1625 -0.589 -1.034 -1.225 0.230 -1.250 0.412
1608 -0.761 -0.947 -1.328 0.255 -1.134 0.774
1612 •0.493 -1.049 -1.281 0.065 -0.776 -0.105
2025 •0.673 -1.000 -1.030 0.065 •1.331 0.323
1602 -0.539 •1.008 -1.268 -0.001 -0.689 0.564
1663 -0.506 -0.737 -1.186 0.783 -0.986 0.903
1985 -0.610 -1.021 •1.536 0.119 -0.040 0.607
2033 •0.688 -0.894 -1.523 •0.166 •1.059 -0.173
160C •0.720 -1.011 -1.161 0.40^ -1.000 0.038
1589 •0.671 -0.949 -1.499 -0.362 -1.610 0.035
1991 -0.669 -0.995 -1.236 0.033 -1.056 0.202
1753 -0.558 -0.744 •1.819 •0.028 -0.758 -0.293
1268 -0.575 •0.826 -1.605 -0.018 -0.511 -0.160
1281 -0.741 •0.648 -2.148 •0.608i -1.225 -1.533
1270 •0.825 -0.533 -1.816 •0.356 -0.819 -0.551
1578 -0.661 -0.476 •2.422 •1.049 -0.616 -1.459
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